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SUMMARY

The Deposited Bridge Miniature Precision Detonator
(DBMPD) and the Wire Bridge Miniature Precision Detonator
(WBMPD) will function in less than ten microseconds

with less than one microsecond jitter. The minimum
firing stimulus 1is the discharge of a 22-microfarad
capacitor at approximately 40 volts through the MPD
bridge.

The MPD manufacturing procedure must be altered to
eliminate the MPD functional precblems. The changes

are in the primer charge slurry blend and the soldering
sealing technique.

The ne=fire current for WBMPD and DBMPD 1is approximately
0.10 ampere.

The MPD output was not affected by the environmental

tests (T&H and Shock). The leads of approximately

50% of the MPD rusted off during the T&H test. Detonators
failed functionally after the tests but the failures

were attributed to desensitization of the primer charge
during manufacturing.

The MPD will reliably initiate PBXN-5 at 30 Kpsi through
0.005-inch-thick (maximum) aluminum or stainless steel
closure across a 0.075 inch (maximum) air gap.

Three 0.022-inch-thick steel barriers are required
to confine the MPD output.

During the week of June 10, 1974 eleven flat-bottomed
stainless steel cases were loaded with 17 milligrams
HMX plus 24 milligrams, lead azide. These were fired
with an electric match to determine the gap transfer
characteristics into a PBXN=5 acceptor with a 5-mil
aluminum closure. At 0.250 inch gap, 5/5 transfers
occurred. At 0.500 inch, 4/6 transfers occurred.

This contrasts to approximately 0.075 inch gap for
reliable transfer with the dimpled stainless steel
can.

The'techniques utilized in manufacture of the Deposited Bridge
M1n1§ture Precision Detona“or headers are not adequate to insure
consistent and reliable function and must be improved.

(The reverse of this page 1is blank.)




PREFACE

This report documents work performed by Space Ordnance Systems, Inc.,

275 Santa Trinita Avenue, Sunnyvale, California 94086 under Contract No.
F08635-73-C-0156 with the Air Force Armament Laboratory, Eglin Air Force
Base, Florida. Mr. Richard B. Mabry, Jr. (DLJF) managed the program for
the Armament Laboratory. This effort was conducted during the period
from July 1973 to May 1974.

This report also documents a reliability evaluation of deposited bridge
headers performed by J.J. Bart, E.A. Doyle and C. J. Salvo of Rome Air
Development Center/RBRP.

This technical report has been reviewed and is approved for publication.

Chief, Fuzes and Munfi
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SECTION I

INTRODUCTION

A program was undertaken to determine the feasibility of
designing and building a miniature detonator which will function
in less than 10 microseconds, with less than one microsecond
jitter. The detonator size was specified to be comparable to
the USAF Microdetonator P/N 66A11302 (SOS 06401) developed for
Air Force WAAPM program, but with the following differences:

* less sensitivity than the Microdetonator (80
milliamperes no-fire, compared to 10 milliamperes
specified for the Microdetonator)

Lead azide rather than lead styphnate used in the
primer

Both alloy 479 platinum-tungsten wire bridges and thin-film,
vacuum-deposited chromium-palladium bridges were investigated.
To meet the less than 10 microsecond firing time requirement,
capacitive discharge firing units were used. With 22 microfarad

capacitor charged to 4o volts dec, fired by a mercury relay,
firing times of 4-5 microseconds and 1.0 microsecond jitter
were achieved with wire bridges. Deposited bridges fired 'n
1.0 microsecond and 0.5 microsecond Jjitter.

The new detonator was called the Miniature Precision Detonator
(MPD) .

This document describes the development program and the results
of the development verification. The one exception to the test
plan is that an additional 100 Wire Bridge MPDs were included
in the test matrix.




SECTION II

OBJECTIVES

2.1 PFiring Tine

Capaclitor discharge firing in less than 10 microseconds
and with less than one microsecond Jitter.

2.2 No-Fire Current

‘Establish no-fire current. The nc-fire current is to
be sreater than 0.080 ampere.

2.3 Detonator Output

Characterize the detonator output by the following
tests.

2.3.1 Dent Output Test. Test detonators into steel
witness plate to compare dent outputs.

2.3.2 Gap Test. Determine the maximum air gap across
which the detonator will initiate a PBX-N5 booster.

2.3.3 Booster (Variable Closure) Initiation Test.
Determine the maximum booster c¢losure (aluminum and stalnless

steel) thickness through which the detonator will initiate
PBx-N5.

2.3.4 Barrier Test. Determine the barrler necessary to
confine the detonator output for safety reasons.

2.4 Temperature and Humidity Test

Determine if detonators will resist degradation when
exposed to the temperature and humidity environment.

2.5 Shock Test

Determine if detonatois will withstand the 1500-g
chock test without degradation.

8
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SECTION III

MINIATURE PRECISION DETONATOR DESIGN

3.0 General

The Miniature Precision Detonator (MPD) design 1s
shown in SOS Drawing 10314 (Appendix A). The electrical
initiation characteristics and the detonator material are
modified fron the Microdetonator (SOS 06401) to effect a design
meeting the requirements of the contract.

3.1 Configuration

The configuration of the MPD (SOS Drawing 10314) 1is
essentially identical to that of Microdetonator (SOS Drawing
06401), Spec. 66A11302, Rev. D, except for two lead pins
rather than one pin, and a steel case rather than aluminum.

The MPD diameter 1s 0.100 inch maximum. The lead-pin length 1s
0.23 inch. The two lead pins are electrically isolated from
the case by a fused glass bead.

3.2 Header Assembly

The two types of header assemblies are shown in SOS
Drawing 10362 and 10507 (Appendix A).

3.2.1 Header. The header configuration is shown in SOS
Drawing 10353 (Appendix A). A glass-to-metal header 1s employed
in the design. The sleeve and the two lead pins are Kovar with
gold plating. The insulating seal is glass. The .ead pin 1s
0.012 * 0.001 inch in diameter by 0.25 inch long.

3.2.2 Bridge. Detonators with two types of bridge construc-
tion were developed: (1) wire bridge, and (2) vapor-deposited
bridge. The two types of bridge are discussed below.

3.2.2.1 Wire Bridge. Several types of bridgewires were

welded onto headers, buttered with primer charge (lead azide)
and fired. The tests were primarily directed towards obtaining
the fast function time of less than 10 microseconds. The 479
alloy ‘platinum-~tungsten) wire, 0.0004-inch dlameter, met the
requirement.
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Initial tests were performed with one-pin headers,
SOS 08543. The tests showed that, with a given stimulus,
shortening the bridge element which, in turn, lowers the bridge
resistance, shortened the function time. The lowest resistances
ranged between 2.0 to 2.7 ohms.

With the two-pin header, S0S 10353 (Appendix A), the
shorter bridge was not attained because the header pin-to-pin
spacing was wider than the pin-to-sleeve spacing of the one-pin
header. The bridge resistance ranged between 3.8 to 4.8 ohms.
1t was noted that welding the bridgewire witn high energy seemed
to result in a higher frequency of fast function time (2 to 3
microseconds) but not repeatably. Bridgewires were welded with

winimum energy so as not to overly deform the wire at the weld
spots.

3.2.2.2 Vapor Deposited Bridge. The bridge configuration
is shown 1in SOS Drawing 10506 (Appendix A). The element itself
is tne same as the bridge designec for the one-pin Microdetonator
heauer, S0S 08892. To vapor deposit a bridge on a header, the
glass surface must be smooth and clean.

The header supplier was asked to polish the glass surface
in an electric fusion furnace but the effort did not succeed.
The entire glass bead melted, and the pins moved so that the
header no longer met the dimensions specified in SOS Drawing
10353.

The one-pin L<-aders of the Microdetonator were routinely
polished in the furnace. 1In the one-pin configuration, the i
single axial pin could be maintained in position by a support
which did not induce any stress relative to the shell. 1In the i
case of the two-pin models, there was no immediate solution to
pin support without inducing some undesirable force moments
causing the pins to move out of specification. The inability to
polish the two-pin headers in the supplier's furnace was not
anticipated.

It was decided to polish the headers in-house. Headers
with large volds or cracks on the glass surface were segregated
out beforehand. The area of glass shown in Figure B-8, Appendix
B, was polished with a small acetylene-oxygen torch. Attempt
#as made to polish the whole surface, but the glass retracted
downward, creating a void around each pin.

A polished glass surface on the header 1s essentlal to
success 1in vapor deposition of a pin-to-pin bridge across the
glass. A bridge carnot be deposited across ¢r through a large
void.

10
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The in-house polishing with oxy-acetylene torch could also
result in damaged headers if flame exposure were too concen-
trated or for too long a period. For assurance that headers
were not damaged in polishing, the flame exposure was restricted
to the area immediately between the two pins. Very few deposited
bridge headers so prepared were lost because of open circults
from bad depositions. For example, in two runs of 396 headers
only three headers were rejected. Thus, in 792 headers only six
were defective in the deposition process.

The polished headers were cleaned in hot water, hot acetone,
and hot alcohol to remove any soluble salts and oily substances.
The headers were dried with dry nitrogen and stored in nitrogen
atmcsphere. The deposition fixtures (SOS 54799) were cleaned
in acetone and alcohol and dried with dry nitrogen. No part was
handled after cleaning without cotton gloves or clean tweezers.
The headers were placed in the fixture (S0S 54799), Figure E-8,
Appendix B.

The deposition work was done by Alphadyne, Inc., Sunnyvale,
California. Three runs were made, and the results are given in
Appendix B, Tables B-1l, B-2 and B-3. The data show the location
of the header in the fixture versus the bridge resistance. The
deposition consists of approximately 200 ﬂngstrom of chromium
base with 4000, 4200, and 4800 Angstrom of paladium for Runs
#1, #2, and #3, respectively. Deposition thickness was increased
for successive uses of the mask to compensate for closure of the
mask apertures by residual deposition. The step increases in
thickness were determined by experience as required to ma.ntain _
the bridge resistance. - ]

In general, the bridge resistance decreased, going from top
to bottom. This was due to the positioning of the vapor
deposition fixture within the deposition chamber. The irregular
resistances are mainly due to the headers not beilng up against
the deposition mask because the header is stuck in the fixture
hole or the header top is not perpendicular.

The vapor deposition is done at elevated temperature _
(150°C) and then brought down to room temperature. Normally, 2
a poor bond will peel off in the cooling process. This means
that the cooling process provides an automatic selection process
to 1dentify the poor bonds. Deposited bridgec which survive
the cooling stresses are probably satisfactory units.

Some of the headers in the first two runs had cracked
glass. It was certain that it was not due to the polishing
operation because the polished headers were 100% inspected for
cracks and quality of polish. For Run #3, the headers were
cleaned in 150°F water rather than boiling water (212°F). Some
cracking occurred when the headers were bolled in water. After
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positioning in the fixture, headers were 100% inspected. No
cracks were noted. Before the bridge was deposited, both
headers and fixture were heated in the deposition chamber to
remove any molisture present on the headers.

For Run #3, the time to reach the temperature was lengthened
‘from 8 minutes to 15 minutes to reduce thermal shock. Very few
headers were lost due to cracked glass in Run #3. Headers for
the test were selected from the three runs. The headers were
selected for bridge resistance (2.5 to 4.5 ohms). All headers
we e visually inspected for proper bridge. Function cests
showed that headers with bridge resistance above 5 ohms did not
¢ lways initiate the primer charge.

One hundred vapor deposited bridge headers (SOS 10507) were
shipped to AFATL, Eglin Alr Force Base, Florida.

3.2.3 Primer Charge. Lead azide and silver azide were
suggested for the primer charge in the AFATL specification.
Lead azide (RD 1333) particle size was found to be much larger
than the bridge, and therefore the explosive was milled.
Colloidal lead azide was obtained from Naval Weapons Center,
China Lake, California. The particle size of the milled lead
azide and the colloidal lead azide were about the same.

Tests made with both types of lead azide showed no differ-
ence between the two. The lead azide 1s applied to the header
in a slurry form. The slurry consists of lead azide, butyl
acetate, and 1% Viton "A" binder. The buttered header is dried

at 170°F for 30 minutes minimum. Milled lead azide was used on
all test hardware.

One problem noted was that the slurry dried with a concave
surface over the bridge area. This is depicted in Figure B-9A,
Appendix B. This does not present a problem with the one-pin
header assembly because the bridge 1s located underneath the
crest area of the primer charge. A thin layer of primer charge
over the bridge area may cause the bridge not to heat a critical
mass and, hence, result in long function time. 1In the worst
condition, the assembly may not function at all. Header
assemblies for the test were inspected for thin primer charge
over the bridge area and exposed bridge.

After the test assemblies were fabricated, an investigation
was made to find a solution to the before-mentioned problem.
Addition of isopropyl alcohol to the slurry mix was found to
cure the problem. The addition of alcohol allowed the slurry
to dry more slowly. The header assembly buttered with this
slurry is depicted in Figure 3-9B.

"
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3.3 Case Assembly

3.3.1 Case. 'The case conflguration 1s shown in SOS
Drawing 10352, Appendix A. The case material 1s stalnless
steel with the same dimple end as the Microdetonator case.

The case 1s tin plated for solderabllity. The bottom thickness
is 0.004 * 0.001 inch. It would be desirable to have 0.002 to
0.003-1inch-thick bottom so that the mass of the end plate
(case bottom) will be nearly the same as the mass of the
Microdetonator aluminum case bottom. Detonators fabricated
with these cases wlll nearly have the same output. That is,
when the detonators are functioned, the veloclty of the end
plates should be nearly the same. It turns out that the case
bottom thickness 1s approximately 0.005 inch which is the

same as the wall thickness. Stalnless steel cannot be coined
to a thinner thickness; therefore, the only way to thin the
case bottom is by machining or lapping.

In the early stage of the program, a series of tests to
obtain some data on how the case bottom thickness affects the
detonator output were made. A smaller ID (0.081 inch) steel
case was tested with the same amount of transfer and output
charges as the Microdetonator. Prior to loading, the bottom
of four cases was thinned to 0.005 inch and shaped to have
the same dimple as the Microdetonator case. The loaded cases
were tested Into WAAPM HMX boosters at 0.150 inch alr gap
(test gap for Microdetonator). All transferred successfully.
This test was repeated with five 0.007- and five 0.009-1n h-
thick bottom cases. Each initiated its respective booster.
The same test was repeated with the first cases (S0S 10353)
shipped by the vendor to S0S for evaluation. In five tests,
the case assemblies initiated thelr respective boosters.

The standard alumlnum case Milcrodetonator is dimpled as
experience showed would increase the output efficiency due to
the "flying plate" principle. The first tests with stainless
steel cases used a dimpled case similar to the alumlnum cases
except for wall thickness which was reduced from 8 mils to 5
mils to maintain approximate mass equlivalency between the two
cases. The same dimple radll were used.

The stalnless steel dimpled cases were found to be inferior
to aluminum 1n gap transfer tests. Stalnless steel transferred
at 0.075 inch, compared to as much as 1.0 inch for aluminum.

The stalnless steel case wall thickness was reduced to approxi-
mately 2 mils to bring the mass equlvalence more closely to
that of aluminum. Gap firing tests with the 2-mil dimpled
stalnless steel cases showed rellable transfer at approximately
0.100 inch, stlll much less than achieved by the equivalent
aluminum cases.

13




The poor results with the dimpled cans suggested the use
of normal fragmentation as the transfer mode and so flat-bottom
cases were tried. A total of 14 flat-bottom units were
assembled. Three of these were removed for dent output evalua-
tion over several gaps. The purpose of these dent firings was
to provide a gross evaluation of the fragmentation coverage
and depth relative to several selected gap distances. (Dent
depth firings are not good criteria for evaluating effective-
ness of transfer but indicate only relative consistency of
output between similar units.) The remaining 11 units were
fired into PBXN-5 boosters with 5-mil aluminum closures, at
gaps of 0.250 and 0.500 inch. The results were 5 out of §
~uccessful transfers at 0.250 and 4 out of 6 successful at
0.500 inch. This showed that flat-bottomed stainless steel
cases were superior to the dimpled ones.

It is recommended that stainless steel test configurations
be standardized on flat-bottomed cases in all future tests.

3.3.2 Transfer Charge. The same transfer charge (lead
azide) as in the Microdetonator was used in the test assembly.
The amount was increased to compensate for the larger ID of
the stainless steel case (SOS 10353). The charge was 23 % 2
milligrams of lead azide consolidated at 15 Kpsi; reference
column height was 0.060 inch.

3.3.3 Output Charge. The same output charge (HMX) as in
the Microdetonator was used in the test assembly. The amount
wes increased to compensate for the larger ID of the case. The
charge was 18 + 2 milligrams of HMX consolidated at 15 Kpsi;
reference column height was 0.100 inch.

3.4 Sealant

The header-to-case interface was sealed with Sné63
solder. A 0.027-inch-diameter solder sphere with Kester Paste
Flux was positioned at the interface and soldered with an
RF-induction heater. Microdetonators have been solder-sealed
using the same method. The Microdetonator aluminum case was
plated, and a 0.027-inch-diameter 50 Tin/50 Indium alloy solder
sphere was used for its lower melting temperature.
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SECTION IV
TESTS

The tests performed for the Miniature Precision Detonator
(MPD) are outlined in the Test Plan. By mutual agreement, one
hundred wire bridge MPD (SOS 10314-101) were added to the test
matrix.

4,1 TLeak Test

One hundred ten vapor deposited bridge MPD (SOS
10314-103) and 57 wire bridge MPD (SOS 10314-101) were subjectgd
to the leak test. All MPD with leak rate greater than 1 X 107
cc/sec of helium were rejected. Remainder of wire bridge MPD
were not solder-sealed.

4.2 Temperature and Humidity Test

Thirty-two wire bridge MPD and 32 vapor-deposited
bridge MPD were subjected to the 28-day temperature and humidity
test in accordance with MIL-STD-331, Test 105. The bridge
resistances were measured and recorded before and after
completion of the test.

k.3 Shock Test

Fifteen wire bridge MPD and 15 vapor-deposited bridge
MPD were subJected to the 15,000 "g" shock test. In each test,
15 MPD were mounted in a carriler and launched with an air gun
into a pine board laid on loose sand. (This is the same shock
test to which the Microdetonator was subjected.) The shock was
applied longitudinally to the detonator centerline and against
the output end. Bridge resistances before and after the test
were measured and recorded.

4.4 Header Assembly Function Time Test

The test setup 1s shown in Figure B-1l, Appendix B.
The two types of header assemblies (S0S 10362 and SOS 10507)
were tested by capacitor discharge firing, and the function
times were measu.ed and recorded. The tests were performed
with 1.0-, 4.7- and 22.0-microfarad capacitors at different
voltage levels.

15
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4,5 Header Assembly No-Fire Test

The test setup is shown in Figure B-1, Appendix B.
A 30-shot constant current no-fire Bruceton test was performed
on both types of header assemblies (S0S 10362 and SO0S 10507).
The test duration was 5 minutes. The test current was monitored
and recorded. The "go" and "no-go" were recorded.

4.6 Detonator Dent OQutput Test

The test setup 1s shown 1n Figure B-2, Appendix B.
The detonators were fired into witness plates at 0.250-inch test
gap, and the function times were measured and recorded. The
dent depths were measured and recorded.

4.7 Detonator Gap Test

The test setup 1s shown in Figure B-3, Appendix B.
A 20-shot gap test was performed. This test showed the 1nitia-
tion of PBXN-5 boosters (with 0.005-inch-thick aluminum closure)
by the detonators across variable air gap. Function times of
the detonators were measured and recorded. The transfer and
no-transfer were recorded.

4.8 Booster (Variable Closure) Initiation Test

The test setup is shown in Figure B-3, Appendix B.
Test series were performed with both stainless steel and
aluminum closure boosters. This test indicated the initiation
of PBXN-5 boosters with either stainless steel closure (various
thickness) or aluminum closure (various thickness) by the
detonators across a constant alr gap. Function times of the
detonators were measured and recorded. The transfer and
no-transfer were recorded.

4,9 Steel Barrier Test

The test setup 1s shown in Figure B-4, Appendix B.
A 10-shot steel barrier test was performed. The effect on each
steel barrier was observed and recorded. The detonator function
times were measured and recorded.

16




SECTION V

TEST EQUIPMENT

5.1 Test Equipment

The MPD testing used the following major items of
test equipment:

Firing Unit, SOS 54748

Capacitors (1.0, 4.7 and 22.0 microfarads)

D.C. Power Supply (2 each)

Oscilloscope, Tektronix, 555

Oscilloscope Camera, Polarold

Memoscope, Tektronix, 564B

Velocity Test Box, SOS 06716

Current Probe

Constant Current Source, SOS 06258

Digital Voltmeter, Hewlett Packard

Detonator Firing Fixture

Header Assembly Test Fixture

Dial Indicator

Feeler Gage

Witness Plate, SOS 54134

Detonator Mounting Clips

Leak Detector, Ion Equipment Corporation

Temperature-Humidity Chamber, Conrad

Air Gun (Launcher for Shock Test)

5.2 Special Test Fixtures

In addition to the standard items of test equipment,
a number of special fixtures were made. These are shown in the
figures of Appendlx B.
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SECTION VI
MEASUREMENT TECHNIQUES

The most difficult measurement to make reliably was the
function time. Data obtalned by several methods were found to
be difficult to interpret and/or the response of the system
too slow. The best method of measuring the function time was
by monitoring the firing current and the Make-System.

When the primer charge initiates, lonization takes place
and short-circuits the header leads. A sudden increase in
firing current 1is noted at this time. The principle of
ionization 1is also employed in the Make-System, as shown in
"*isure B-1, Appendix B. When the primer charge initiates,

alzation takes place and short-circuits the two Make-System
contacts. This completes a circuit and discharges a charged
capacitor which 1s monitored.

Figure B-10A, Appendix B, shows typical firing current
traces through a deposited bridge (DB) -- top trace, and wire
bridge (WB) -- bottom trace. The firing stimulus for these

tests was the discharge of a 22-microfarad capacitor at 40
volts.

Figure B-10B .,hows typical header assembly firing current
traces and Make-System output traces. Both Wire Bridge Header
Assembly (WBHA) and Deposited Bridge Header Assembly (DBHA)
were tested. The top trace and the one next-to-bottom are
firing current and Make-System output of the same Deposited
Bridge Header Assembly (SOS 10507) test, respectively. The
second-to-top trace and the bottom trace are firing current
and Make-System output of the same Wire Bridge Header Assembly
test, respectively. Note that the time of the sudden current
change nearly coincides with the Make-System output time.

Figure B-10C shows the firing current and Make-System
output traces of Minlature Precision Detonator (MPD) tests.
The MPD were tested as shown in Figure B-5A, Appendix B. The
top and second-from-bottom traces of Figure B-10C are from a
deposited bridge MPD (SOS 10314-1C3) test. The sccond-from-top
and bottom traces are of a wire bridge MPD (SOS 10314-101 test.
Note that there i1s about 0.8-microsecond difference between
time of sudden firing current change and the Make-System output
time of each MPD. This difference in time is the total time
from the initiation of the transfer charge to the detonation of
the output charge.
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Figure B-5B shows the Make-System wiring for the
development verification tests. This method 1s less repeatable
but, 1f the wiring were done as shown in Figure B-5A, the
output of the MPD would be distorted. In all tests, monitoring
the firing current was the primary method of measuring the
function time, and for the MPD tests, 0.8 *+ 0.2 microsecond was
added to the data to give the MPD function time. All traces
were recorded by oscllloscope/camera. A memoscope was used as
a redundant recording system.




SECTION VII
DATA ANALYSES AND CONCLUSIONS
7.0 General
The test data are given in Appendix C. A summary of

the test data is given in Tables C-1 and C-2 of Appendix C.

7.1 Temperature-Humidity Test

After 17 days of the 28-day Temperature-Humidity (T&H)
test, the MPD leads were noted to be rusting and some of the
leads broken off. With the concurrence of AFATL by telephone,
the T&H test was terminated after the 17-day exposure. One
possible cause of rusting may have been due to some reaction
caused by the residue Kester Paste Flux. The flux is activated
and may not have been completely cleaned off with hot detergent
water after the soldering operation.

A good quality nonporous gold plate is recommended as a possible
method of minimizing this problem. Visual inspection showed that the

other MPD parts were not affected mechanically by the T&H test.

For T&H test data see Appendix C, Table C-3, Data Sheets
#1, #2 and #3 for the wire bridge and Sheets #19, #20 and #21
for the deposited bridge.

7.2 Shock Test

The shock test did not mechanically affect the MPD.
The bridge resistance measured before and after the shock test
revealed that all the resistances were about the same except
foz Specimen 338. The resistance increased by approximately
0.4 ohm.

For shock test data, sec Appendix C, Table C-3, Data Sheets
#4 for wire bridge and Sheet #22 for deposited bridge.




7.3 Header Assembly Function Time

The header assembly function time test data showed
that the Wire Bridge Header Assembly (SOS 10362) will function
in less than 10 microseconds with less than one microsecond
Jitter.

The minimrum stimulus is the discharge of a 22-micrcfarad
capacitor at 30 volts through the bridge. The minimum stimulus
for the Deposited Bridge Header Assembly (SOS 10507) to meet
the function time specification is the discharge of a 22-
microfarad capacitor at 40 volts through the bridge. When the
Deposited Bridge Header Assembly functions with any firing
stimulus, the function time is always one microsecond or less.

For test data see Appendix C, Table C-3, as follows:

Wire Bridge Header Assembly:
Sheet 14 (Specimens 196-200)
Sheet 15 (Specimens 201-205)

Deposited Bridge Header Assembly:
Sheet 37 (Specimens 571-575)

Sheet 38
Sheet 39 (Specimens 591-599)




7.4 Bruceton No-Fire Test

_ The no-fire test on the header assemblies showed that
the X no-fire level for the Wire Bridge Header Assembly and the
Deposited Bridge Header Assembly 1s about 123 milliamperes with
a standard deviacion (S.D.) of 5.6 milliamperes for the Deposited
Bridge and an 3.D. of 3.9 for the Wire Bridge. The no-fire
testing was conducted by the Bruceton method of Appendix A to
NAVORD Report 2101. Calculations of the X values are given
below:

WIRE BRIDGE HEADER ASSEAMBLY NO-FIRE

BRUCETON CALCULATION

Current
(milliampere)

1885
120
1’2 B
136

123.6 milliamperes




DEPOSITED BRIDGE HEADEM ASSEMBLY NO-FIRE

BRUCETON CALCULATION

Current
(milliampere)

115
120
125
130

122.5 milliamperes

-

(M

5623 + 0.056

Sd = 5.630

For no-fire test data see Appendix C, Table C-3, Sheets
#16 and #17.




7.5 Function Tests

All MPDs did not function. Recorded data indicated
that the proper stimulus was applied to each unit. The firing
stimulus for the Wire Bridge MPD (WBMPD) was the discharge of
a 22-mlcrofarad capacitor at 30 volts. For the Deposited
Bridge MPD (DBMPD) the stimulus was the discharge of a 22-
microfarad capacitor at 40 volts.

A smaller percentage functlioned after belng exposed to
the shock test and T&H test. WBMPD Specimens 48 to 62 which
were not exposed to any environmental test were functionally
tested first. These all functioned with good function times.
WBMPD Specimens 33 to 47 were shock-tested and functionally
tested next. Two of the first 7 falled to functilion. The
remaining 8 shocked WBMPD and the 15 shocked DBMPD were sent
out for X-ray. The 2 falled units and 15 each of the two types
of MPD which were not exposed to any environmental test were
also sent out for X-ray as comparison units. The X-ray did not
show any difference between the units.

Fifteen T&H WBMPD were functlonally tested next, but
several failed to function. These failed WBMPD, and the MPD
which were X-rayed, were sent out to be N-rayed. The N-ray
showed no difference between the units and showed that the
sealed MPDs were not contaminated by flux. The 15 WBMPD N-rayed
for comparison were not solder-sealed and, therefore, free of
flux. Higher percentage of the DBMPD falled to function. All
these MPD were solaer-sealed.

Two falled-T&H MPD of each type were dissected on the
output end, and the explosives were remove:. A pressure of 45
psl was applied to the output end, and the header end was
immersed in alcohol to check for possible leaks. There were no
visible leaks. This indlcates that the T&H fallures were not
due to molsture getting into the unilts.

Several of the failed units were dissected on the header
end. These units showed blackening of the primer charge around
the bridge area, due to the attempted functioning.

Unsoldered MPDs (Specimens 48 to 62, 72 to 100) all
functioned. Thils indicated that another possible cause of
failure may be due to overheating the parts during the soldering
operation. An inert MPD with 0.000l2-inch-diameter tungsten
bridge was placed into the soldering fixture and heated with
the RF-induction heater. The settings were the same as pre-
viously used. Tungsten bridge was used because cf 1ts high
temperature coefficient of resistivity.
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The resistance of the bridge was monitored during the
heating cycle and the peak temperature calculated out to be
approximately 550°F. It is known that lead azide will decompose
at a higher temperature, and the effect of the temperature on
the binder material (Viton "A") is unknown. The effects of
overheating the primer charge are noted in the tests of Wire
Bridge Header Assemblies that did not functlon during the
no-fire test. Attempts were made to functionally test these
units (Spec.mens 221, 222, 224, 226, etc.), but only one
(Specimen 232) of 14 functioned.

It was noted the unsoldered MPDs (Specimens 48 to 62, 72
to 100) all functioned. All the header assemblies for the
header assembly function tests and header assemblies built
into MPDs were fabricated at the same time. An additional 30
deposited header assemblies were fabricated. Eilght assemblies
(Specimens 615 to 622) were tested for function time and all
functioned properly. Twenty-two header assemblies were buillt
into MPDs and tested without solder-sealing. These MPDs
(Specimens 363 to 373, 378 to 388) all functioned properly.

For functional test data see Appendix C, Table C-3, as
follows:

WBMPD: Data Sheets 1, 2, 3, 4, 5, 6, 7 and 8

DBMPD: Data Sheets 19, 20, 21, 22, 23, 24, 25 and 26

One can conclude from these tests that the major cause of
the problem was due to the overheating of the MPDs during the
soldering operation. The overheating probably decomposed part
of the primer charge and may have weakened the adhesion strength
of the binder so that the primer charge separated from the
header during the shock test. Thils resulted in higher percentage
of fallures after the shock test.

The Microdetonator has the same primer charge configuration,
and the detonator 1s not affected by the shock test. The primer
charge is milled lead styphnate with 2% ethyl cellulose blnder.
The mechanical strength of the ethyl cellulose is stronger than
Viton "A". This may be another possible reason why the Micro-
detonator will pass the test while the MPD does not.




The overheating problem can be resolved by using lower
melting solder such as 50 Tin/50 Indium or using solder rings
rather than solder sphere. Use of solder sphere requirses
longer heating time because the solder has to first melt and

; then flow around the header/case interface. A solder ring
I %ill require only enough heat to melt the solder since the
solder is already located around the header/case interface.

Several WBMPDs (Specimens T4, 77, 86, and 100) had short
function times of 3 microseconds or less. This was probably
due to extreme deformation of the bridgewire at the weld
joints or poor primer charge buttering which results in poor
coupling between the wire and the primer charge. Both can
cause hot spots on the wire. The cause of long function
times of Specimens 65 and 82 can also be attributed to poor
primer charge buttering. The primer charge buttering problem
has been resolved as discussed in paragraph 3.2.3. Of the
DBMPDs that furctioned, all had function times between 1.1
to 1.6 microseconds.

Another fact noted was that no-function fallure rate
increased as the test progressed. See Appendix C, Table C-3,
Sheet #23, where 3 of 15 units failed during dent output
testing. compared to Sheet #26 which show 5 of 10 failures.

The data suggest there may be a long-term storage problem using
lead azide as the primer charge or, as in this case, the lead
azide (primer charge) continued to decompose after the lead
3z1de was partially decomposed during the soldering operation
by overheating. This can be verified by storing some parts and
periodically testing a few units. All the test hardware, with
a few exceptions, were fabricated approximately one month
before the first test specimen was functionally tested.

7.6 Effect of Environment Exposures

The dent output test data show that the environmental
tests did not affect the MPD output, and the dent output ranged
between 0.028 to 0.046 inch.

Refer to Appendix C, Table C-3, data sheets for environ-
mental test data as follows:

DATA SHEET NUMBERS

ENVIRONMENT WBMPD DEMPD
T&H v, 25 3 19, 20
Shock b, 5 22

23

Ch

No environments




7.7 Gap Transfer Capabllity

The gap test da.a show that the MPD with dimpled can will
initiate a PBXN-5 booster with 0,005-inch-thick aluminum closure reliably
across a 0.075-inch air gap or less. In later tests with the flat-
bottomed can, 5 out of 5 transfers occurred at 0.250-inch gap into a
PBXN-5 acceptor with a 5-mil aluminum closure. These data are not in-
cluded in the following analysis.

See Appendix C, Table C-3, Sheet #7 and Sheet #8 (Specimens
87-91) for test records relating to gap transfer.

Using the test data in a Bruceton calculation provides:

GAP TRANSFER

BRUCETON CALCULATION

cC+d (% ) = 0.115 inch

2

= QE_:§§_ = 0.321
n

(M) .
= g.gz3 + 0:056 = 0.571

Sd = 0.014




7.8 MPD Closure

The booster initiation test data show that the maximum
closure thickness through which the MPD will reliably initiate
PBXN-5 at 30 Kpsil 1s estimated as 0.005 inch. This 1is for both
aluminum and stainless steel closure. The alr gap was 0.075

inch.

For test data see Appendix C, Table C-3, as follows:

Aluminum closure:

Sheet 8 (Specimens 92 to 96)
Sheet 24

Stainles steel:
Sheet 8 (Specimens 97 to 100)
Sheet 25

7.9 Barrier Tests

The barrier test data show that it requires three
0.022-inch-thick stainless steel barriers to confine the MPD
output. Stainless steel, dimpled cases were used in all these

tests.
See Appendix B, Figure B-4, for test setup.

Test data are recorded in Appendix C, Table C-3, as follows:

T&H shots:

Sheet 20 (Specimens 321, 322, 323, and 328)
Sheet 21 (Specimen 332)

Nonenvironmental shots:

Sheet 26




7.10 Flat Bottom Can Tests

Tests were conducted initially with stainless steel
cases, dimpled in the same configuration as the standard
Microdetonator. Past experience with the aluminum cases of
the Microdetonator showed better performance in gap transfer
if the aluminum cases were shaped in a concave manner, similar
to a conical-shaped charge.

The stainless steel, dimpled cases were noted to be
inferior to aluminum in transfer capability. Stainless steel
cases transferred reliably at 0.075 inch compared to as much
as 1.0 inch for aluminum. The stainless steel case walls were
reduced to about 0.002 inch to bring the mass equivalency
closer to the aluminum cases.

Gap firings with the 0.002 inch dimpled, stainless steel
cases showed reliable transfer at approximately 0.100 inch,
still much less than the equivalent aluminum cases.

The poor results with the "flying plate" approach with
stainless steel cases suggested trial of normal fragmentation
as obtained from flat-bottomed cases.

Accordingly, 14 flat-bottomed units were assembled.
Three were fired for dent output with results as follows:

Gap Dent Output
(inch) (inch)
0.500 0.020
0.250 0.020
0.150 0.013

Dent tests at 0.250-inch gap with stainless steel, dimpled
cases averaged approximately 0.035-inch dent output.

The dent depth firings were made for a gross evaluation of
the fragmentation coverage and depth relative to the several
selected gap distances. Dent depth is not a good criterion in
evaluating the effectiveness of transfer but 1is valid only as
an indicator of relative consistency of output between similar
units. To draw conclusion about the gap transfer effectiveness,
the remaining 11 units were fired into PBXN-5 boosters having
0.005-inch aluminum closures. Results were:

Gap Distance

(inch) Transfers/Tests
0.250 5/5
0.500 /6
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Thls showed that flat-bottomed, stainless steel cases were
superior to dimpled ones. It is, therefore, recommended that
the stalnless steel test configuration be standardized on
flat-bottomed cases in all future tests.

For test records see Appendix C, Table C-3, Sheets #44
and #45.

7.11 RADC Reliability Evaluation of Deposited Bridge Headers

Appendices D and E contain an evaluation of deposited headers
of both a single pin configuration (PN 08892) and the two pin DBMPD
(PN 10506). These evaluations clearly indicate deficiencies in the
manufacturing techniques. Additional work is requried in this area to
insure adequate shelf life and reliability necessary for field use.
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APPENDIX B

Figures

HEADER ASSEMBLY FUNCTION TIME AND NO-FIRE TEST SETUP
DETONATOR DENT OUTPUT TEST SETUP

DETONATOR GAP AND BOOSTER INITIATION TEST SETUP
STEEL BARRIER TEST SETUP

DETONATOR MAKE SYSTEM TEST SETUP

DETONATOR TEST SETUP

ELECTRICAL SYSTEM SCHEMATIC

VAPOR DEPOSITION SETUP

HEADER ASSEMBLY

TYPICAL FIRING CURRENT AND MAKE SYSTEM OQUTPUT TRACES

Tables

DEPOSITED BRIDGE RESISTANCE VERSUS LOCATION ON FIXTURE --
RUN #1

DEPOSITED BRIDGE RESISTANCE VERSUS LOCATION ON FIXTURE --
RUN #2

DEPOSITED BRIDGE RESISTANCE VERSUS LOCATION ON FIXTURE --
RUN #3
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S

PHENOLIC
HOLDING
FTXTURE

?IRING LEADS MAKE-SYSTEM

CONTACTS

HEADER ASSEMBLY
(10362, 10507)

MAKE-SYSTEN s

LEADS

H
NOTES: (1) For Function Time Test, see Figure B-7
or electrical system hookup. : '
(2) Por No-Fire Test, conrnect the firing leads to the
constant current source ‘06258) and disconnect the
make system.

Header Assembly Function Time and No-Fire Test Setup

Figure B-1
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WITNESS PLATE
TEST GAP (54134), 1018 CRS

0.25 INCH

WITNESS PLATE
HOLDER —_— e e

NOTES: (1) See Figures B-6 and B-7 for detonator and
electrical system hookup.

Detonator Dent Output Test Setup

Figure B-2




’ bt - e o i . i
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CLOSURE

?Egg?ﬁ?OR PBXN-5, 360+10 MG
, AT 30K PSI
- 0.277

IN. DIA

AL. ALLOY BODY 0.5

N. DIA. X 0.5 IN.
/ LG.

——M TEST GAP

BOOSTER

NOTES: (1) See Figures B-6 and B-7 for detonator and
electrical system hookup.

Detonator "Gap" and Booster Initiation Test Setup

Figure B-3
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DETONATOR (10314)

BARRIERS, 0.022 IN.
THICK 302 STAIN-
LESS STEEL

SPACERS, 0.022
IN. THICK STAIN-
LESS STEEL

SUPPORT, AL.
ALLOY, 1.0 IN.
0.D. X 0.5 IN.
I.D.

(1) See Figures B-6 and B-7 for detonator and
electrical system hookup.

Steel Barrier Test Setup

Figure B-A4




T MAKE-WIRE, 36 GAUGE INSULATED
MAGNET WIRE

DETONATOR

(10314) \

" e WITNESS PLATE
ﬁ (54134)

_— -; MAKE~SYSTEM LEAD

DETONATOR (10314)

{

MAKE-WIRE, 36 GAUGE INSULATED

MAKE SYSTE MAGNET WIRE

LEAD

(1) See Figures B-6 and B-7 for detonator and
electrical system hookup.

Detonator Make System Test Setup

Figure B-5




FIRING LEADS

SEE DETAIL "A"

DETONATOR MOUNTING
FIXTURE

. INSULATOR

DETONATOR (10314)

DETONATOR

LEADS

(ONE LEAD BENT BACK
TO MAKE CONTACT WITH
CLIP.)

_ DETONATOR MOUNTING
DETAIL "A" : FIXTURE

NOTES: (1) See Figures B-6 and B-7 for detonator and
electrical system hookup.

_

Detonator Make System Test Setup

Figure B-6
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DnC. POWER /o DIGITAL

SUPPLIES \ \ /FVOLTMETER

A ¢ o (N ¢ _‘
cCl Oag C

(@

OSCILLOSCOPE AND
CAMERA -

SCOPE TRIGGER

- B/W TEST AND
MEMOSCOP < — CAP. VOLTAGE
MONITER

. =]
(AT
C e I 'PIRING UNIT
== / (54748)
e el e Qe e B |

Cy 0
o

| c & ¢
' 0

CURRENT PROBE

VELOCITY TEST BOX
[E==== (06716)

—l [

[ . [

-
MAKE-SYSTEM LEAD&_D/ i L. é{FIRING LEADS

PE——

Electrical System Schematic

Figure B-T7
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AREA OF GLASS
FLAME POLISHED

- HEADER (10353)

(4793-5) [ _ HEADER
e (10353

Z, o
. . = I;I - - 4 . ]
X B ke 4
\ //// : _BACK PLATE (54799-7)

7/77/'_77_1/_: |

L
L/

Vapor Deposition Setup

Figure B-8
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o

BRIDGE

~—=PRIMER CHARGE

HEADER (10353)

BRIDGE

PRIMER CHARGE

HEADER (10353)

Header Assembly

Figure B-9
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DB CURRENT

WB CURRENT

DBHA CURRENT

WBHA CURRENT

DBHA MAKE-
SYS. OUT.T\

WBH MAKE-
SYS. OUT.”

DBMPD CURRENT

WBMPD CURRENT

DEMPD MAKE-
SYS. OUT.™\

! WBMPD MAKE-
] SYsS. OUT.”

For all traces
Sweep rate: Oscillograph Records
1 Usec/cm

Figure B-10
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APPENDIX C

TEST DATA TABLES
A

MPD OUTPUT DATA SUMMARY

MPD FUNCTION TEST DATA SUMMARY

TEST DATA SHEETS
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TABLE C-3

TEST DATA RECORDS Sheet 1

TNF Ty ty -7 ._ A WARE TG sn‘qS[TIVI'rY/ AL Ty Tt b de
: 4-101
DEVELOPMENT FUNCTION TIMZ/QUTP 1031

i O LD AT R A PARA L O,
PAR T ~ani MINIATURE LB o, N TR N B RO 0 HE
PRECISION DETONATOR 4264 ENVIRONMENT - T&H
[ START LR T B NUFet b Ty ARt e B (K3 ‘ 1
[
4-22-74 | 3-2a-74 70°F 52 % s
SRECIMEN TEST TR D"‘Tt"."'}\LT(.)l"SULTS
T 59) CAP, (2) TEST BOOSTX LW PAIRT] 2 BOOST,
E

CLOSURE
CONF1C,

[ [ S P RN A N

NO, B/W

CAP, |vOoLT, | B/W ]cap FUNC. [FUNC. | DENT |pync,
(OHM)

QED)| (voLT) | (0w | (1w [TYPE | THICK Deves/No) TR 750 | (IN) | (vnrun
<&
4.46 492 Wors 2

4.7 22 (30,0 | 4.1510.25 YES

Sgx

4.24 4.14 Nory 8

S&s
449 3.08 Wore 3
Ses
42 ' Mo7E 3

Sew
4.3/ More B

4. Ao
4.20 V&S

' YES
433 ) ¢ . ff‘ :
ore
4.28 \S&a
4,61 4.31 : alozs 3

' YES
4~28 u 4'2' ree
4 ' Word %
4.2¢ 22 | YES

4.4¢] e ; YES

NOTES:

(1) Test Configurations --

A - Header Assembly Function Time Test (Figure B-1)
- Header Assembly '"No-fire' Test (Figure B-1)
- Detonator Dent Output Test (Figure B-2)
- Detonator Gap Test (Figure B-3)
- Booster (Variable Closure) Initiation Test

(Figure B-3)

F - "Steel Barrier" Test (Figure B-4)

Bridgewire Resistance After T&H Test

Broken Lead 58




TABLE C-3
TEST DATA RECORDS

Sheet 2

LRI 2] 0 . ]

DEVZLOPMCINT

VA A

© SENSITIVITY/

DA

10314-101

FIA &

~A N MINIATURE

FUNCTION TIMZ/QUTP

S e

4264

[ A

N R A& A A

ENVIRONMENT - T&H

(1) Test Configurations --

A -

moO0Ow

(Figure B-3)

F -

(2)
(3)

Broken Lead

'""Steel Barrier'" Test (Figure B-4)
Bridgewire Resistance After T&H Test

29

PRECISION DCTONATOR

4-22-74 | S-28-74 por 52 % -

SLECLUEN TaST. TOETR 13T PESULTS

) CAP, (2) TEST § i) DETONATOR .
No. |B/W C;gi&i cap, {voLr, | B/ |cap jCLOSURE FUNC, |FUvC. | DENT |ppeg
oy [COFIC] ey cvouty | om0 | (y [vee [THEE |cves o} 1Eom | () | s

(e | 4.13 & 122 |30.0] 4.1] ‘o250 Y&s | ¢.4 l0.03¢
sSe&

(7 1 4.44 4.23 Nors 3

/2 14.29)] € 122 1.32.014,14 lozso YEs | 6.8 10.037

(2 14.31 22 130.0 14 /¢ lo.250 Mo

20 | 4.01 22 |30.0]3.92 0.250 Yes | 9.4 lo.os0

2] 1444 22 300 | 428 o250 YES | &7 0032
&8

22 1 4 35 E;wt'J

23 14.49] ¢ 122 [30.0[4.33 (0250 YES | 7./ . 033
S6%

24 | 4.40 4.25 wore 3
S&E

25 | 4.55 4.39 Nore 3

26 14,29] & |22 |36.0 |4.1L lo250 ves | 7.5 '0.040

27 14141 & [22 |30.0] 3.92 0250 Yes | 54 0035

28 |4.60| ¢ |22 |30.04.33 loeso Mo

21 1 4.30] ¢ 22 130.04.17 lozso Yes | 1.5 lo 036
Ky /-4

0 | 4.9 Noré 3

NOTES:

Header Assembly Function Time Test (Figure B-1)
- Header Assembly 'No-fire' Test (Figure B-1)

- Detonator Dent Output Test (Figure B-2)

- Detonator Gap Test (Figure B-3)
- Booster (Variable Closure) Initiation Test




TABLE C-3
TEST DATA RECORDS

W h -1 SENSITIVITY/ = bl
DEVELOPMENT FIRICTION TIMZ/QUTD 10314-101
rART A MINIATURE [ IR SR N I [ e SR tes,
PRECISION DETONATOR 4264

Tt ST START s COFPLE T

Biedy e C 1T HE NG Y0 A PAKA i,

ENVIPOMNMENT . TSH

4-22-74 | $-28-74 Fo S4F S2°%
__SPECTMEN

ANMBE 1t v He YENTON MY S

=) TO0STER Ve ="

( 5 AT

'ms(r” N VCAP. - TEST | o103 URE - wil ; — soos,
CAP, | VOLT, CAP FUNC. {FU™C. | DENT |puyc,

(IN) | (yrs/n0

NO, B/W

oy |0 grrpy) qvouty | com) | (v | TvrE [THIEK. | (ves o) FidEey

3| | 4£.28] ¢ |22 |30.0 |4.7¢ lozso YEs | ¢.8 lo.oze

SEE
3214432 4.28 Aoz 3

M

NOTES:

(1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)
B - Header Assembly '"No-fire' Test (Figure B-1)
C - Detonator Dent Output Test (Figure B-2)
D - Detonator Gap Test (Figure B-3)
E - Booster (Varic.™le Closure) Initiation Test
(Figure b-3,
F - "Steel Barrier' est (Figure B-4)
(2) Bridgewire Resistance After TEH Test
(3) Broken Lead 60




]
TABLE C-3 ‘.
3 TEST DATA RECORDS ‘
: Sheet U
SR g e SESITIVITY/ R |
a A MINIATURE Ao AT e e ;
PRECISION DETONATOR . - 62'62“' ENYIRQWN?..T“SBPC - -
4-22.74 | 52874 | g0 | 2% :
| ) CAP. EST(Z) Trer | BOOSTZR S o —
NO, |B/W ngﬁc CAP, | VOLT, | B/W |GaP CLOSU;EL FUMC, |FUNC. | DENT fme,
(011 ‘| D)l (vorn) | comy | vy [ TYPE § THIER. feves/mo) Ta5cy | () | vesin
33 | 442] & |22 |30.0{4.57 lozsc Yes | 90 |oesr
34 1420] ¢ 122 130.0]14.18 |0250 Yes | /4.8 |o.034
slag ] & 2213001410 00 No E
160|451 ] &€ |22 | 30.0) 448 0250 Yes | 8.8 [p.032 1
| 1237 |1465) € (22| 300]4.€3 025 Yes | 1.3 (003
| 38 | 4.47] ¢ 122 | 3s.0| 4 A2|0250 Ao
. 2@ 14.38] @ |22 |3%.0|4 340250 Yes | 7.6 lo.030
: 40 |4.47| ¢ |22 |20.0|4.43/0250 Yes| 5.9 vy
.~ 40 |4.39| ¢ |22 [30.014.37]|c250 YES |»20.0[0 038
42 1 4.50] < 122 |30.0]|4.47 (0250 Ves | 4.8 10.03C
43 |44l ¢ (22 |30.0(4.42)|0250 Mo
ALJTA-.H ¢ 122 130.0] 4.¢510250 Yes |>20.0]0.035
A4S 14.30] ¢ |22 |32.0]|4.2¢ 025 o
46 |44¢) ¢ 122 |30.0 |4 450250 Mo
47 14.29] ¢ |22 |30.0]|4.27]0%0 Yes | 7.0 o031
NOTES :

(1) Test Configurations --

A - Header Assembly Function Time Test (Figure B-1)
Header Assembly 'No-fire' Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)

- Detonator Gap Test (Figure B-3)
Booster (Variable Closure) Initiation Test

(Figure B-3)

F - "Steel Barrier'" Test (Figure B-4)

(2) Bridgewire Resistance After T&H Test
(3) Broken Lead 61

mo O
[




TABLE C-3
TEST DATA RECORDS

DEVELOPMENT

. A

A 1

SENSITIVITY/

10314-101

FrA T

NA

MINIATURE

FINCTION TIMS/QUTP

' '

4264

ety

i A

1l R & AL A

PRECISION DETONATOR

5~ l4~;i4

I}

T a4

5-28-7

' N

70 °F

4

THE, I

(Lh1]

0%

b

b

SPE

LIEN

TEST

NO,

ey
B/W Tusq}
CONFIC,

(o101)

CAP,
(UFD)

CAP,
VOLT.
(VOLT)

BOOST:R
CLOSURE

RN

FUNC,

TYPE T?}E§.

(YES /N

rC,

78

:
as
21%)

48

4.08

22

30.0

YES

¢.5

49

4 .02

22

30.0

YES

7.2

So

4.29

22

30.0

B\

340

22

30'0

YES

YES | 6.4

$.0

S2

4.2¢6

22

30.0

YES

8.0

&3

4.29

22

30.0

VE S

6.1

54

4.03

22

20.0

NYESs

6.3

gS

4.29

=22

30.0

YES

XA

4.19

22

300

YES

12

59

4.29

22

30.0

6.0

4.12

22

30.0

NES

6.8

S8
$9

4.04

22

0.0

C.2

(A)

4.3

22,

30.0

b1

4 .00

22

30.0

11

2.

e (S I (S YO (s (S YO (S T S T (o W 'S (W LS LS N (OO

4.03

22.

30.0

6.6

(1)

Test Configurations --

A - Header Assembly Function Time Test (Figure B-1)
B - Header Assembly '"No-fire" Test (Figure B-1)
C - Detonator Dent Output Test (Figure B-2)
D - Detonator Gap Test (Figure B-3)
E - Booster (Variable Closure) Initiation Test
(Figure B-3)
E - "Steel Barrier" Test (Figure B-4)
(2) Bridgewire Resistance After T&H Test

(3) Broken Lead




TABLE C-3
1 TEST DATA RECORDS

Sheet 6
LR S ) AL ) A WACALE T L ed SENSITIVITY/ X NLEELE SRR ]
DEVELOPMENT FINCTION TIME/OUTP 10314-101
HART NAT-t MINIATU’RE ool Ny, 1 T a0 # TRNTEN PHULLEDUHRE N VMBER & PAWVA  *o), o
PRECISION DETONATOR 4264 -__
S-/85-74 | $-28-74 70 ° < So (:n/j i ‘
LD CAP, TEST = . B3OST,
No, |B/W ngg%; CAP, | VOLT, oAb |ebioe T FUNC, [EUNC, | DENT |pymg.
(ORM) 1 @rp)| (voLT) (1n) | TYPE ¢ THRCK. TovES /NOPTRYEy | (Ny | (yra o
6314304 ¢ 221300 0.250 Yes | ¢.6 [0.044.
64 1444 ¢ 22300 0.250] | Yes | 94 lo.037
kS (4.9 £ 22130 0250 Yes | 22.0 lo.032
(66 4.9 | ¢ 122|300 0.256 ves| 49 |o.o3g
6T 14.54] ¢ (221300 0.25C ves | 7.3 lo.03
8 |4.20] ¢ |221}3%.0 0.250 yes | 9.0 10.028
69 (4,31 ¢ 122|300 0.250 Ves | 6,9 lo.031
qo0 1423 ¢ 122 300 0.250 Yes | 4. o lag
1t 14521 ¢ 22| 30.0 0 25T Ves | g.¢ 10033
NOTES:

(1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)
- Header Assembly "No-fire' Test (Figure B-1)
- Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)
- Booster (Variable Closurc) Initiation Test
(Figure B-3)
F - "Steel Barrier" Test (Fiyure B-4)
(2) Bridgewire Resistance After T4H Test
(3) Broken Lead 63

mooOw
1
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TABLE C-3
TEST DATA RECORDS

bove

o A AvA L SENSITIVITY/ re -
DEVELOPMENT FINCTION TIMZ/OUTP 10314-101
PAN'' NAF G MINIATURE [ L T v~y Pracctu b L OITRE 0 NHE R & PANA
PRECISION DETOMATOR 4264
fTe ST START TEST COM P kT AN, T e i (R N S B CEE N R R L SRV SR tey
$-14-74 |$5-28-74 UeE $0 % i
SPECIMEN TEST vt RESULTS

TO0ST:R DETOE 0k
TESY CAP, TEST } CLOSURE i
CONFIC,

[ | [ be o

NO. |B/W
(OHM)

cAP. | voLT, CAP —4 Func. |Eue, | DENT
FD)| (voLT) (1) | TYPE | THIEK. Joves /no) TRy | (1v)

22 | 30.0 025 | AL |0.005 ) Yes | 5 ¢
22 | 20.0 0.10 | AL (0.co5" | YEs | 1.7
22 | 20.0 025 | AL |0.005 | Yes | 2.¢

T2 416
13 1 4.00
4 14.28
18 428
7¢ |4.52
71 _14.33
18 14,25
? 14.19
8o (4.0
8] 13.89
82 14.65
83 4.50

441
18¢ 14.18
R¢ (4.8

2L | 20.0 0.10 1'a4¢ [0.005 ] Ves | 70

22 | 20.0 AL 10.005 ) Ves

22| 30.0 AL |p.005 | Yes

22| 30.0 A5 | AL 0005 | YES

2) | 30.0 P.1257| ML 0,005 | Yeg

221 30.0 .10 | AL 10.005 | Ves
22 130.0 p.1251 AL lo.005" | YES
22 |30.0 | p.15 | AL [0.005 | YES
22 |320.0 025 4t lo.oos | Yes
22 [30.0 0.05 | AL locos| Ves

22 |30.0 0.125| 42 l0.005 | Yey
22 | 20.0 0.10 ] 1. |o.ccs | veS

gvvcivvwvbbvvywv

NOTES :

(1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)
B - Header Assembly "No-fire'" Test (Figure B-1)
C - Detonator Dent Output Test (Figure R-2)
D - Detonator Gap Test (Figure B-3)
E - Booster (Variable Closure) Initiation Test
(Figure B-3)
F - "Steel Barrier" Test (Figure B-4)
Bridgewire Resistance After T&H Test
Broken Lead 6L




TABLE C-3

TEST DATA RECORDS
Sheet 8

S CA ALY SENSITIVITY/ -
DEVELOPMINT FIDNCTION TIME/QUTP 10314-101
AW wAT) MINIATURE TR Co e

PRECISION DETONATOR 4264

TESRYT STAWT LI I B VR S A 4
S-/6-74 | $-28-~74 7/ °F S0 %
L SPECL{EN TEST 1T2°T RESULTS

BOOSTER B TORATOR
'res(rl) CAP,

NO, | B/W CAP, ] VOLT. SLOSYLE FUNC, |Fute. | DENT

(e |1 ceny| (vory TYPE | THIEK. | (vas /nop Fhekoy | (1n)
87 14.24
88 |4.34
9393
S0 14.2)
9: (4.7¢
(92 |4.58
23 1428
94 14.3¢C
[ 95 14.23
e 14.38
97 144!
78 |4.35
29 14.3¢
4.17

[T RS § IS Y il w A& T ACA

TN I o S PEE om, o G TR

22 | 2o.0 22 10.0as Mss' 6.7

22 | 30.0 AL 0005 | YES 6.0
22 [ 30,0 AL (0.005 | YES 6.5

22 | 30.0 AL lo.cox | V&S | 6.7

22 | 30.0 AL |C.ocTr | YES | 7.0

22 | J0.0 AL [D.0IC Vs | Rl

22 | Jo.0 _ AL _0.010 | YES 7.0

22 AL 10.0ic | yvFs | 8.1

22 . RAe 100IC | Ves | 5.3

22 : AL [0.010 ) YES | 7.4

272 Ss l0.0iCc | YES 6.2

22 $s {0.010] yes YA

22 ss _10.022| Ye5 | 7.4

mimmmmymmnmpEMMPElo

22 3s 10022 | YES | 2.4

NOTES:

(1) Test Configurations --

A - Header Assembly Function Time Test (Figure B-1)
Header Assembly 'No-fire" Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)

Booster (Variable Closure)-Initiation Test
(Figure B-3)
F - '"Steel Barrier'" Test (Figure B-4)
(2) Bridgewire Resistance After TGH Test
(3) Broken Lead 65
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TABLE C-3
TEST DATA RECORDS

R 3

B, s b i

(2)
(3)

Sheet 9
TYPE OF TEST FARAME T 3¢ SENSITIVITY/ FCA T TP MBE R
DEVELOPMENT FINCTION TIME/QUIP 10862
PART nAamt MINIATURE HDR, | o7 ~o. tor s fons PROCLDURE NUMBHR & PARA, NO,
PRECISION DETONATOR ASSY, 4264
TEST START TEST COMPLFTE AMEB, TE P i HMUNID T Y ST P QUIPRMENT NLMELE 1R
| 5-3-74 | $-28-74 70 °F 20 %
ae e s BOOSTER SEEE¥P N e
: ) CAP, TEST sl ME
NO, |B/W cggnﬁc cap, | vorr, GAp |_LOSURE Fuc, |Fuvc, | pew | QPEN
(o1) ‘| @FD)| (VOLT) (i) | TYPE | THECK. Voves /no ity | (i) | (yrs/ma
1298 2 | |50 Mo | — ro
/[2 {4.2¢ 4 | 5.0 Ao " Mo
/13 ng A | S0 Mo 5 Ao
/14 | 4.55 A { 5.0 Ao g Me
/1514251 A [ 150 Mo = Ao
e 14421 A [ ]20.0 Ao | = A
714201 A [ 12¢.0 Me = Mo
/18 14.18 A { 2¢.0 Mo - Mo
(19 1445 | A I _|20.0 Mo = Ao
(201431 | A [_120.0 Np B Ao
121 |4.10 A I _|20.0 Mo | — Ao
122 1416 | A [ 1200 Mo = Ao
123 1424 | A / 20.0 Ae - Ao
124 (401 | A /| _|20.0 Yes | 54 YEs |
las f429] A [ ]2e0 No | - Ko
NOTES:
(1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)
B - Header Assembly '"No-fire'" Test (Figure B-1)
C - Detonator Dent Output Test (Figure B-2)
D - Detonator Gap Test (Figure B-3)
E - Booster (Variable Closure) Initiation Test
(Figure B-3)
F - "Steel Barrier' Test (Figure B-4)

Bridgewire Resistance After TGH Test
Broken Lead




TABLE C-3
TEST DATA RECORDS

Sheet 10
| T R
,, T TR, 7 IO T e e s Tt S T T By T ey
1 PRECISION DETONATQR ASSY, 4264
& @74 5-23-74 700/: R R T
SPECL (At TEST TEST RESVLTS
Ino. |8 Tes) CAP, vgﬁﬁj zfiT cosine Fuuc.s :EJZ%N DENT | OPEN
(o) |CONFICl grepyl (vort) (v | TYPE | THICK. foves/noh Tty | (v | (B¢¥mo
445 7 [ {300 | yes 220 YES
; 2214201 A Ll300{ ., Yes | 315 YES
128]406f A | [ 20/} YES | 290 Y&s
129 {400 | A | | |300] Mo | = Ko
130 [ 4401 A | 30.0 Yes | 390 Yes |
131446 A I 30.0. ’ yes | 440 YL$
13214.37] A |1 |300 Yes | 9.6 YES |
1331430 A || [|30.0 Va3 | 240 Yes |
(34452 A |1 |z00 Yes | 6.8 YES'
1361436 ] A [ |30 Yes | St Y&s
13614321 A JI [do.o Yes | /] Y&
[37{4.28] A | | 'Zo.o yes | 13.8 Yes
lisgldass] A |1 Jdo.0 Yes | 12.2 Yes
1391424 A {1 |do.0 ves |i2.5] . lvyes
t4ol43¢l A |1 l400 ' ves [12.9 Yes
NOTES:

(1) Test Configurations --

A - Header Assembly Function Time Test (Figure B-1)
Header Assembly 'No-fire" Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)

Booster (Variable Closure) Initiation Test
(Figure B-3)
F - "Steel Barrier'" Test (Figure B-4)
(2) Bridgewire Resistance After T&H Test
(3) Broken Lead 67
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TABLE C-3
TEST DATA RECORDS

(1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)

Mmoo O w

(3)

(Figure B-3)
F - "Steel Barrier' Test (Figure B-4)
(2) Bridgewire Resistance After T&H Test

Broken Lead

68

Header Assembly "No-fire" Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure R-3)

Booster (Variable Closure) Initiation Test

Sheet 11
DevELOmENT FINCTION TR souTeng 0362
PART nanE MINIATURE HDR,| ' o1~ gt bny oo FROCLDURE ~ BT R & PARA . oo
PRECISION DETONATOR i ASSY, - 4‘2610. i
PR PR I T SR NPT o e T s
SPECIMEN TEST TOSTER S;I}‘g%bi’!ﬁRESULTS
No. |B/W cgﬁéﬁr‘::) car, | vorr, e CLOS”:‘E FUNC, |Func, | pewr | OPEN
(OHM) *| @FD)| (VOLT) () (TYPE | TOIEK. | (ves/nop FidEey | ey | (B o
411445t 4 | 1 400 ves | 154 Yes
1421443 ] A [_140.0 Yer 143.7 YES |
43 {405 ] A | {400 Yes | 0.5 Yes
148 43¢ | &8 || 4o0.0 NEs |14, 4 YES
(4slasa | A | | 40.0 VES |14 \Es
4c 1345] A 14.19] So Mo | — Ao
4714.40] A 411 50 Ao - Alo
148 144¢] A [47 ]| S0 No | - o
49]447] A 141 | 50 Mo | = No
1501443] A 47 5.0 Ao - No
[S1l4se] A 47 1200 Yes | 24 v&s
$2(430] A 141 130.0 Yes | 21 Yex
1631406 | A 41120.0 Yes | 19 Y&y
154 1393} A |47]200 Yes | (8 Ye3 |
Lsslasq| A [49]200 Yes | 17 g
NOTES:
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TABLE C-3
TEST' DATA RECORDS

Sheet 12
g T sk "ACATIE T GENSTTIVITY/ A e
DEVELOPMENT FUNCIION TIME/QUTPL 10362 _
PART NAML MINIATURE HUR [ RN Pt st fory PHOUCEDIIRE NUMABFR & PARA S0,
PRECISION DETONATOR , ASSY 4264 i o e
.2.74 5-28- ! agper % e
—S§PE IMEN T l TEST =0 T.5T RESULTS ‘
) CAP. TEST | BOOSTER SPECIMEN -
¥o. |B/w Tes¥! cap, | vorr. cAp | CLOSURE FUNC, |FUNC. | DENT g 3
(v |COFIC greny| cvormy (v | TYPE | THREK. |ves /o) ElEcy | (| ($48no
15 {483 ] A |41 | 200 Yes | 23.5 Yes
IS714.54] A 47 | 20.0 YES 126 Yes
gld 40] A 47 | 20.0 Yes | /9.5 YeS
S9 {429 | A 147 | 20.0] Yex 122.5 ves
16014.421 A 1417 | 20.0 Yes | 7 - YES
s 14280 A 41 3p.0 YeS | 7.9 YeSs |
(/621425 A 147 |30.0 Yes | 8.2 Ye<
¢314.23] A 147 [30.0 Yes | 8 ves |
[64 1424 A |47 [30.0 Yex | 8.8 Ve
6514051 A 141|300 Yes | 1 Ve
6o 1435 A (411300 Yes | 8.2 yes
1/67]1454] A 141|200 Yes | 9.1 Yes
/68 [4.38] A |49 ]300 Yes | 8.8 Yes
/69 1449 A 142 | 300 \ES | 8.4 Yes
/7014411 & 141 | 300 Nes | 8.5 Yes
NOTES:

(1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)

mooOw
[ I B ]

F

Header Assembly 'No-fire'" Test (Figure B-1)

Detonator Dent Output Test (Figure B-2)

Detonator Gap Test (Figure B-3)

Booster (Variable Closure) Initiation Test
(Figure B-3)

""Steel Barrier' Test (Figure B-4)

(2) Bridgewire Resistance After T§H Test

(3) Broken Lead

69




TABLE C-3
TEST DATA RECORDS
Sheet 13

rYPr OF ThEST

DEVELOPMENT
PART NnAMt MINIATURE

PAL Y o o0t i
10362

PHOCEDURE NO2iAT R & PARA,

TACAME T SENSITIVITY/
FINCTION TIME/QUTP

LOT No, g T

HDR, RN FRNTEN w0,

PRECISION DETONATOR

ASSY,

4264

TEST S TART

£-3-714.

TESY COMPLE TE

AME

$-28-74

TE P,

J0°F

ey,

HE: MDY T Y

S$0%

FEST FQUiiPaat N NUMIE R

SPECTIMEN

TEST

S I
I:ST PESULTS

NO, B/w

(omM)

Tesh!)
CONFIC,

CAP,

(UFD)

CAP,
VOLT,
(VOLT)

BOOSTER
CLOSURE

o PECIMEN

TvPE [THEGE

FUNC,

(YES/NO

FUNC,

ThEEc)

DENT
(Im)

OPEN

B/W '
{YFES /ND

441

4.1

40.0

YES

4.2

Yes

4.54

4.1

40.0

YES

4.6

V&S

43¢

43

4o.9

_Y&S

4.6

Y&S$

4.50

4.1

46.0

YES

4.8

Y&S

4.64

4.1

40.0

yes

5.1

Yes

4.1

41

40.0

Y&s

3

4,20

43

40.0

VES

4.7

YES

Yes

419

41

40.0

4.37

4.1

40.0

Yes

Yés |

4.

YES

4.8

4.33

41

40.0

YeEs

41

4.11

22

3.0

YES§

ap.s

449

22

5p

YEs

do.5

4.23%

22,

5.0

YES

300

444

22

2.0

YES

31.5

452

> PP PR REPREREPRR

22

2.0

NES

4).5

NOTES:

(1)

(2)
(3)

Test Configuratidns --
A - Header Assembly Function Time Test (Figure B-1)
Header Assembly 'No-fire' Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)

Detonator Gap Test (Figure B-3)
Booster (Variable Closure) Initiation Test

F

(Figure B-3)
- "Steel Barrier" Test (Figure B-4)

Bridgewire Resistance After T&H Test
Broken Lead

70




TABLE C-3
TEST DATA RECORDS

Sheet 14

Ty kI

D TE ST

DEVELOPMENT

PIA A T e

SENSITIVITY/

FINCTION TIMZI/OUTP

A

10362

Ml R

PART NAME MINIATURE
PRECISION DETONATOR

HDR,
ASSY,

LOT NO, Ut

h N

t [

4264

PROCLDUHE NOUMBLR & PARA .0,

TEST START

TESY COMPLETF

A M

KN

4

L, HunMiosry

TIST FUQUIPMENT NUMBLE RS

5-3-79

5-28-74

70°F

S0%

SPE

IMEN

TEST

i

TCST_RESULTS ‘

NO,

B/W
(o)

Test)
CQNFIG,

CAP,
(FD)

CAP,
VOLT,
(VOLT)

TEST
GAP
(IN)

BOOSTER
CLOSURE

SPECIMEN

Tvre [T

FUNC,

(YES/NO

EuC,
Thcy

DENT
(Iv)

OPEN

B/W
(YES /N0

426

22

2010

YES

V4N~

Y&s

4.49

22

4000

Yes

LS

Y&

(4,36

2

20.0

YES

[3.€

Y&e$

4.0

20.0

4 04

22

20.0

No

YES

[2.2 Ves

V&S

4.07

22

20.0

Y&'s

4.02

22

20.0

YES

{.04

22

20.0

4.68

22

20.0

Yes

Yes

4.66

22

20.0

Y&s

432

22

30.0

Y&S

4.22

22

30.p

YES

4.41

22

30.0

YES

454

273

30.0

Yes

412

> PPErEPPpPPEPPPRP PR

2%

30.0

NES

NOTES:

(1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)

Header Assembly 'No-fire' Test (Figure B-1)

Detonator Dent Output Test (Figure B-2)

Detonator Gap Test (Figure B-3)

Booster (Variable Closure) Initiation Test

(Figure B-3)

F - "Steel Barrier'" Test (Figure B-4)

(2)
(3)

71

Bridgewire Resistance After T&H Test
Broken Lead




TABLE C-3
| TEST DATA RECORDS

Sheet 15
TYPt OF Tk T PAMNAIGE T W SENSITIVITY/ FrAET Vi RUTHE M
PIVELOSE NT FUNCTION TIME/QUTPY Jogp2 -
PART NAami MINIATURE ’}{DR. LU NO, LOT st foRN PROGLODRE n. MBER & PARA, ‘.0,
PRECISION DETONATOR ASSY, 4264
5-3-74 5-28-74 Z0°F 50%
SPECIMEN EST SOOETTE TEST RESULTS - 1
) CAP, TEST = . SPECIMEN. '
NO, | B/W ngﬁi CAP, | VOLT, GAP CROSBRE FUNC, |FUNC. | DENT gl/’SN
- | (ome) | (Fp)| (voLT) () |TYPE | TBIEK. | (ves/no) FiiEey | vy | Rie /mo
4o0/[ 440 A 22| 0.0 Yes | 59 Yes |
ez1443 ] A 1212 ]30.0 Yes | 6./ 4 Yex
2034461 A | 221300 Yes | 7.2 ¥ex |,
204|445 A | 221300 Yes | 6.7 vas |
206 14421 A 122 [30.0 Y&s | 5.9 _Y&s |
206l 4.09] A |22 4o Yes | 3.9 | vex |
20714.3C1 A |22 |400 Yex |39 Yex
208[437] A 122 | 40.0 Yes | 4./ ves
209|440 A 122|400 Yex | 2.2 YEr
2014371 A 122 400 Yex | 4.0 Yeg
211 {4371 A [22 ({460 Yes |32 1. | Yex |
21vi4321 A |22 [dp.o ves (4.1 Y=s
213]4.321 A 122400 Yes | 4.0 Yey |
214 1436 A [22 [400 Yes [ 4.\ YES |
2151425 A (221400 Nes | 4.) NES
NOTES:
(1) Test Configurations --
1 A - Header Assembly Function Time Test (Figure B-1)
4 B - Header Assembly 'No-fire" Test (Figure B-1)
C - Detonator Dent Output Test (Figure B-2)
D - Detonator Gap Test (Figure B-3)
E - Booster (Variable Closure) Initiation Test
(Figure B-3)
F - "Steel Barrier' Test (Figure B-4)

(2) Bridgewire Resistance After T&H Test
(3) Broken Lead T2




TABLE C-3

TEST DATA RECORDS

Sheet 16

tyrpd v 1y ST

DEVELOPMENT

PA AR

FIUNCTION TIME/QUTP

SENSITIVITY/ ,

e tNTHEE we

T
103C2

FART NANT MINIATURE
| PRECISTON DETONATOR

HDR,
ASSY,

Ly T Ny, '

T oL [T

4264

FROCLDORE v 0T R B FPANA, U,

TEST START

.aéif’
SP

3-74

TEST COTPLE T

§-13-74

AN

7 6%

oA E

L2 Y HNiaMIoEry

509

TESY @Mt NT NV WS

IMEN

TEST

TEST RESULTS

NO, |B/W

(OHM)

CAP,
VOLT.
(VOLT,

NO-
FIRE
(AMP)

Test)

CONFIG, CAP,

(UFD)

BOOSTER
CLOSURE

SPECIMEN

OPEN

Tvre [T

FUNC,
(YES/NO

FUXC,

YOS

DENT

{IN) (%é‘é/}m

| 4.4

0,140

Y&Ss Yes

414

0,138

Y&

4.28

0130

3.93

0.125

4.08

0.120

4.34

0. 118

4.22

oleo

4.33

0./25

4.04

0420

4.67

0,128

4.5

0/20

4.67

0,225~

4.63

0./320

—

0./23

4.60

4.8

SR TR U SR SUR U I O U - I I - - O

0.120

NOTES:
(1)

Test Configurations

A - Header Assembly Function Time Test (Figure B-1)
Header Assembly ''No-fire" Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)
Booster (Variable Closure) Initiation Test

(Figure B-3)

F - "Steel Barrier' Test (Figure B-4)
(2) Bridgewire Resistance After T&H Test

liroken Lead

(3)

73




TABLE C-3

TEST DATA RECORDS
Sheet 17

FY ke E TLST PARAMSDE T SENSITIVI’X‘Y/ fART NUMBER

DEVELOPMENT FINCTION TIME/QUTP 10362

PART NnamEe MINTATURE HDR,| v noO. Vior < foan PROCEDURE NOMAER & PARA, NO,
PRECISION DETONATOR / ASSY, | 4264

TEST START TEST COMPLETE ANMBA, TFEMP REL, HUMIDIT Y TEST EQUIPMENT NUMHBE RS
S~13-74 S-13-74

= TeoT TEST RESULTS
SPECIMEN ) e BOOSTR SPECTMEN
TesT '

CAP. FIRE CLOSHRE Func, |Fuxc. | pent | OPEN

CONFIC.| (AMP) vee | THICK. | (ves/no) oy | () | (fldn
0.(25 YEs Yes

0./20 Na Ao
0.-/2.5 YES

NO, | B/W
(OHM)

0

4.72
474
47¢
4.69
4.7
4.49
4,48
4.0
4.34
4.26
4.4
4.26
1 4.24
4.21
448

0120

My A A/
0.L20 Mo
0.428 ' No
0./130 )
0425 i o
0430
0.128 pe
0./30
0.125~ 1 Yes
0./20 o Mo
025 | No o

CHN S N o S T A N R 2 R

NOTES: (1) Test Configurations --

A - Header Assembly Function Time Test (Figure B-1)
- Header Assembly '"No-fire" Test (Figure B-1)
- Detonator Dent Output Test (Figure B-2)
- Detonator Gap Test (Figure B-3)
- Booster (Variable Closure) Initiation Test

(Figure B-2)
F - "Steel Barrier'" Test (Figure B-4)
(2) Header assembly subjected to '"no-fire' test

T4




TABLE C-3
TEST DATA RECORDS

Sheet 18
T VU rAss 1 SENSTTIVITY/ X !
DEVELOPMENT FINCTION TIV ’OUTP 10362
PANT NA L MINIATURB }{DR. Pl fh 1o o, PO LDHHE W B R & FARA, Y
PRECISION DETONATOR/ ASSY, 4264
5-/3-74 S-/3-74 Al SO %
SPECL N TioT T T ‘_Ei;T1§ESULTS
st CAP, | NO- | TEST Py SRS
No, B/t{'?) Cg;s(fc cap, [vour, |FIRE | Gap jCLOSURE FUNC, |FUiC. | DENT 3-,:“
oy [P greoy] cvormy | x| (o {Tvee [THECK Tovee o) TS0 |y | (e
sE& )
220 1443 A 22 | 30.0(Ne1E 2 Ao Ve
sex ) i
222]4.20 | A |22 [30.0 [Werea Ao yes
] R S& i L -
' 22414.c2 | A [22 |30.0 |vors s ANe Yes
3 see
! 22614.871 A |22 |30.0 ldore 2 Mo |~ N Y&
22714.714 A _|22]300 jsre 2 ] Mo : Y&s
Ses . : .
- 23014.62] A 22 | 30.0 |WoT_ 2 Alo ye |
4 s&& i
23214261 A | 22| 30.0 |wre 2 Yes | 6.9 YES
o e /- . —
23s514.741 A 22 | 30.0 [4bre 2 Ao YES
23¢ 14481 A 22| 30.0 |357e 2 Ao ' YES
See ‘ |
23714421 A 22 | 30.0 |nove 2. Mo Yes
B sce ‘ ,
23914.231 A 22 1 30.0 [yere 2 A YeS
S6€ _ . . )
(241 (A0 ] A 122 1200 [pere 2 Ao Yes
gf .- et 4 e -
244]14.20| A 22 | 30.0 1e 2 ' Mo YEs
- n L
24S A 22130.0 [Were 2 ’ Ao VES
- S| S NSNS [P | S—
NOTES :

(1) Test Configurations --
A - Header Assembly i« ~tion Time Test (Figure B-1)
- Header Asscmbly '"No-fire' Test (Figure B-1)
- Detonator Dent Output Test (Figure B-2)
- Detonator Gap Tesi (Figure B-3)
/ - Rooster (Variable Closure) Initiation Test
; (Figure B-3)
1 F - "Steel Barrier" Test (Figure B-4)
(2) Bridgewire Resistance After TEH Test
(3) Broken Lead 5

moOoOw




TABLE C-3
TEST DATA RECORDS
Sheet 19
Tyt t 1ETE ST BPAHA YL T e SENSITIVITY/ AET N M HE W
DEVELOPMENT FUNCTION TIMZ/QUTP 10314-103
PART NAML MINIATURE PO N, LOT st ColN PAROLLDURE ~1 "*HLR & PARA , L NO,
PRECISION DETONATOR 4264 ENVIRONMENT - T&H
T ST mMTART TEU ST CONMPLE T ANH e v/ Be .. by Jrvan oy [N BT | PP T NP ML e
4.22-74 | £§-28-74 20/ 9 =7
SPECMEN TEST ¥ _32ST PESULTS
1257 cap, | (B [est | (0020 R AR BOOST,
NO. | B/W CAP, | VOLT, | B/W [GAP FUNC, [EWIC. | DENT |ppuc,
o _[CONFIC| eyl voumy | como | (i |TYPE ) THICE |oves o) RS | . ey
SEE
2ol | 3,48 3./4 Wors 3
See
02} 3.02 ork 3
203! 3.04 f |22 140.0] 2.92 0250 Yes | (.4 (0035
304(4.62| ¢ |22 |40.0)| 4470250 Ne
305132c] ¢ {22 14001 3.1 0250 Yes | 14 lo.o4p
30b|2.84] ¢ |22 140.0 z.ac;io.z;o Mo
30713./8| C 22 | d40.0| 3.29 0250 Ao
208 | 3.0 el 22 | 40.0] 3.75 {0.250 Ves | 1.5 10033
see
We7e I
309|305 ez
10| 4.6L AbTE 3
0.0 31210250 Mo
31(13.231 ¢ '22 40.0 2
2.1 314 3.03 Wore 3
2313 13.81 22 |40.0]1 4.62 Mo
31412.96) € 22 |4o0.0]2.87 {0250 No
3151348 ‘¢ |22 |40.0]3321[0250 YES | /.4 o034

NOTES: (1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)
- Header Assembly ''mo-fire' Test (Figure B-1)
- Detonator Dent Output Test (Figure B-2)
- Detonator Gap Test (Figure B-3)
- Booster (Variable Closure) Initiation Test
(Figure B-3)
F - "Steel Barrier' Test (Figure B-4)
(2) Header assembly subjected to 'mo-fire" test

monw
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TABLE C-3

TEST DATA RECORDS Sheet 20

T L CAnA T SENSITIVITY/ y P
DEVELOPMENT FINCTION TIME/OUTP 10314-103
PARTYT NA S M‘[NIATURE O N | 1 3 Y NTEN Prodoe bl o RE NEE R & PANA,L L
PRECISION DETONATOR 4264 ENVINONMENT - T&H
tr 97 ~TART L ) (SR AR AN Aty LI A AN by i N A L L) Pt T
422 74 S-28-74 70 °F 2%
SPECIMEN TiE3T SRST HMESJILTS
‘BOOSTER DETONATOR
1esT) CAF. (2Y TEST | ¢losuRe _ — BOOST.
CAP, | VOLT, B/W GAP 3 FUNC, FU‘{Q DENT FUuC,
CONFIC| rp)| woum | comny | ¢awy [Tvee | THICK. 1ves o) Ry | () | qyneing

3/613.04| ¢ 22 [40.0 | 2950250 Ye3s | /.57 10043

NO, B/W
(0IDM)

171292] ¢ 122 |46.0 | 2.80l0.250 Yes | £¢ 10.032
Sewr
3.50 233 toze 4

3201 o |z 3.4 ves | 7.4 1o 040

2,77 01273 YES | £ 0.041
| 2.7( ol2¢o Ves | 1.3 |SEF Vare(3)
2.98 <.89 ves | 1.4 |S&F mre(3)
3./8 3.06 YES Sea Mys(3)

see
3.12 2.90 AbrE 4

3.40 I 3.28 Mo
Sewr

4,14 3.94

3.74 4o0.0 | 3.43 10250 Ao

3.46 do.o| 3.6¢10 100

SE€ 1
3.09 440 | it -

3.89 e | a2140.0] 401 l0.250 Mo

Notes: (1) Test Configurations --

A - Header Assembly Function Time Test (Figure B-1)
Header \ssembly 'No-fire' Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)
Booster (Variable Closure) Initiation Test

(Figure B-3)

F - 'Stee. Barrier" Test (Figure B-4)

Bridgewire Resistance After T§H Test

Barrier penetration: 1st - hole; 2d - partial; 3d - dent

4th - none
Broken lead
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TABLE C-3

TEST DATA RECORDS
Sheet 21

l\wnw tho. PAL A SENSIT[V[TY/ At R
DEVELOPMINT FINCTION TIME/OUTP 10314-103
PAarT ~arnt MINTATURE (IS RN ' J Lo Coaee,

PRECISION DETONATOR 4264

re Sr S ranr TEST CONMPYLFTE AMB

PRI THE N MR & PAWA
ENVIRONMENT - T&H

PSS b @ bRl ST N e

e e Rt Mo IDa

4-22-74 | 5-28.74 70 * K 5.2 %6
SPECTMEN TEST

1..5T BESULTS

BOOSTER B TDEAT
ey CAP, (2)| TEST ATOR

BONST,
CAP, |VOLT, | B/W |caP SLOGIRE FUNC, [Furc, | DENT

@rDyl (voLmy | (o) | (avy [TYPE | THISK. |(vES/No) FEeEcy
30|l £ 22ldoo0]| 312 No
405 F |aa |4o0.0] 441 Lo 4 re (3

NO, | B/W
(OHM)

CONFIC. FU..C,

(IN) | (yrs/np

Test Configurations --

A - Header Assembly Function Time Test (Figure B-1)
Header Assembly '"No-fire'" Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)

Booster (Variable Closure) Initiation Test
(Figure B-3)

F - "Steel Barrier" Test (Figure B-4)

Bridgewire Resistance After T&H Test

Barrier penetration: lst - hole; 2d - partial; 3d - dent

4th - none
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TABLE C-3

TEST DATA RECORDS
Sheet 22

[ ] LB A A " vy ¥
SENSITIVITY/ AL, g IR
DEVELOPMENT FINCTION TIMZ/QUTP 10314-103
rART ~vax MINTIATURE [ SO PR I b 1 o e, e DOHE S M LR & PARA
PRECISION DETONATOR 4264 ENVIRONMENT - SHOCY

Tt ST STAWT TEST O PLFETYE ANEHL T VP e

( (AR N NN Th =T FQUIIEI NS N T N, AR F S
4.22.74 | s-28-74 70 °F 52°% o
SPECIMEN TEST = . TCST RESULTS
A 0STE DETONATUR
Test) cAp V(C)L,l;' . /w(z) zif,T CLOSURE — -8 :
CONFIG,| ;. .o s . FUNC, |FU.C, DENT

@reD)j (voLT) | coreny | (wy [TYPE | THIGK. {(yes/no) FpEcy | ()

22 |40.0] 3201|0250

NO, B/W
(OIM)

Q

712
2.88
290
39¢
3.519

22 | 40.0] 2.9/ 1p.250 /.3
22 |4o0.0]| 2. 921020

22 |4o.0{ 4.08{9.250

22 (40.0 ] 3.69(0.250

4.20 22 £.64 (D 250
2.2¢

.06

2% 3.33]0.250

22 o3 12 |0.50

3. 22 01 3.2410.250
3.14
3.26
3.4
2.90
3.27
2.4

2 9, 3.30]D.250

22 3.32 (0250
22 272510250

22 | 40.0] 2.9¢ |0.250
22 |d0.0] 340 |V.250

S Y S N - N (=N (CN [COE AT LN C W < N (N o

22.140.0 0.250)

NOTES:

(1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)

- Header Assembly '"No-fire" Test (Figure B-1)
- Detonator Dent Output Test (Figure B-2)
- Detonator Gap Test (Figure B-3)
- Booster (Variable Closure) Initiation Test
(Figure B-3)
F - "Steel Barrier" Test (Figure B-4)
(2) Bridgewire Resistance After 15,000-g shock
(3) Broken Lead
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TABLE C-3

TEST DATA RECORDS

Sheet 23
DEVELOPYENT ;u;crlon miﬁgiéﬁingY/”' 10314-103.
mecsion et | | e
£ /574 | s-28-74 7008 | soopm ke e
SPECLEN TiEST TAOSTER : DE%‘(%;%"\I'T‘!);[‘:TISULTS E

No. |B/W Cgféi) CAP, vgg: gif’T SLOURE —1 FUNC. [FUTC. 1 DENT '?8?;?’

(0i1) | QD)) (voLT) (o |TvPe | TOREE- [oves o FReyl (9 | (yeeivo |
AUal279 | 6 |22 4e0 0.250 Yes | /.5 10,030 I!'
M9 136 | C 22 |40.0 0.2%0 Yes | .4 10.034 {
o 1354-| ¢ 1,22 140.0 0.2 No ‘ it
35(]12.72] e 22 |4o.0 0.250 Yes | L4 (0032 5
352|417 | ¢ |22 |4o.0 0..250 YEs | 43 0,033
35%14.29] ¢ |22 |40.0 0,250 L Yes | /13 10,03/

354428 ¢ 122 1400 0,250 Yes | 1.5 004
3551322} ¢ | 22]40.0 0.280 YEs | /.5 K04l
35¢(443] ¢ 22 40.0 0.2%50 Mo

35714341 e | 221400 0,280 yes | /.4 0034
g8 l309] €& {22 |40.0 0,230 YeS | £.5 10,035
s91344 | ¢ (22 400 0,250 ves | 1.4 10,032
30298} ¢ |22 |40.0 0,250 Yex | +.3 [0.037
36| |342] ¢ |22 (400 0,250 Mo

z02{322| ¢ |22 [40.0 0.250 Yes 143 10,030

NOTES: (1) Test Configurations --

A -

moO Ow

(Figure

B-3)

"Steel Barrier" Test (Figure B-4)
80

Header Assembly Function Time Test (Figure B-1)
- Header Assembly 'No-fire' Test (Figure B-1)
- Detonator Dent Output Test (Figure B-2)

- Detonator Gap Test (Figure B-3)
- Booster (Variable Closure) Initiation Test

%
|
!
9
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TABLE C-3
TEST DATA RECORDS

Sheet 24

[

iy

DEVELOPMENT

o A A

A

LR

' SENSITIVITY/

10314-103

rawt NAT MINIATURE
PRECISION DETONATOR

PRSI

vt

FINCTION TIME/QUTP

POy L DORE N

YMHER & FATA

O,

TESNY STAWT

S-15-74

[N

S-28

24| 70ef

RS

4264

2o0%

- it

N

SPE

DMEN

EST

TC5T RESULTS

NO,

B/W
(o1M)

TESGL)

CCNFIG,

CAP,
QED)

CAP,
VOLT.
(VOLT)

TEST
GAP
(1Y)

BOOSTER
CLOSURE

DETONATOR

TYPE

oL

FUNC,
(YES/NO

FUC,

R

DENT
(IM)

BOOST,
FUNC,

(Cg2ibER)

K.77

m

22

0. 075"

AL

0.c20

Y&s

2

[3¢4

3.00

2

0,978

AL

0.025

Y&S

L

(265

3.32

22

0.075

AL

0.025

Y&S

[-2

366

3.80

22

0.075

AL

(Xng?o

Y&ES

.2

3.66

&
E
&
&

22

0.078

AL

0,0R0

Y&s

j'3

J68

3.65

22

V.07§

Y72

0,020

Ye s

/.2

3es

2%

0.0758

AL

0.cao

Yes

L2

3.25

22

40.0

0.07¢

AL

0

020

Y&s

3.2¢

22

4o0.0

0,075

AL

0

Q020

YESs

3.52

22

40.0

0.078

AL

0.

o/6

Y&S

L3

YES

209

22

do.0

0.075

AL

0.

orlh

_Yes_

(3

Ne

3.68

22

4o0.0

0.028

_AL

0.

o/l

YES

L4

3.4

2

40.0

0.075

AL

0.

o/l

YES

L5

Ale

2.84

22

40.06

0.07%

AL

0.00L

YES

x.

Ao

2.83

Mo oy R ey W

22

40.0

0.074

QL

p.

0it

Y&ES

/.3

YES

Notes: (1) Test Configurations --

A - Header Assembly Function Time Test (Figure B-1)
Header Assembly 'No-fire'' Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)

Booster (Variable Closure) Initiation Test
(Figure B-3)
""Steel Barrier'" Test (Figure B-4)
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TABLE C-3

TEST DATA RECORDS
Sheet 25

e d . i
DEVELOPMENT
FAtT nAt MINIATURE

1A A [ERTR I

“ SENSITIVITY/ SR
FINCTION TIMS/OUTP 10314-103

LI T o=t

T LD HE S MR E R A& TALA

PRECISION DETONATOR

4264

TE ST START

| 5o/s- 7

TE ST CUOvS F b

S=-28-724

Tt A

e e '

Zook~

SO %

- !

e T

SPE

IMEN

TEST

TOT RESYLTS

NO,

B/W
(0M)

TESQ;)

CAP,

TEST

BOOST:R
CLOSURE

DETOLNTOR

CONFIG,

CAP,

D)

VOLT,
(VOLT)

CAP
(IN)

TYPE

T

FUNC,
(YES /N0

PUC,
VI 0y

DENT
(1)

3.88

22

40.0

0,075

S5

0.00¢

YeEe

Lo 2

400

22

40.0

0,078

S$

Lo/o

YES

/.

3.3/

42

40.0

0,275

SS

Q0/5"

L3

2.77

22

40.0

0,078

S

238

22

40.0

0.07§

X3

0022

/.3

00/5

L 2-

4.3L

22

40.0

0,078

S5

0ors”

L2,

3.73

-

£

40.0

D.078

oS

0.0/8

Lt

RI8

22

40.0

0.07¢

X

0.o/s”

43

4.42

22

40 o

0.075

SS

0.078

YES

[.2Z

447

2l

£0.0

0,015

S8

D oS

YeS

] 2

4.31

22

40.0

.08

S$

0oL

Y&

N

357

27

40.0

0.675

25

0.olo

N&S

/. 4

345

22

46.6

0.07%

ss

0010

Y&S

&2

Y&s |

3.2(

22

40.0

0.07.5

S5

0.0t0

Y&S

1.3

3.19

T T L L O L L LT T L L L L LR L L)

22

40.0

0.0718

3S

00!0

Y&s

(53

yes,

1)

Test Configurations --
A - Header Assembly Functiocn Time Test (Figure B-1)
- Header Assembly 'No-fire' Test (Figure B-1)
- Detonator Dent Output Test (Figure B-2)
- Detonator Gap Test (Figure B-3)
- Booster (Variable Closure) Initiation Test

(Figure B-3)

"Steel Barrier' Test (Figure B-4)
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TABLE C-3
TEST DATA RECORDS

Sheet 26

v .v\‘ . t »oA ATty SENSITIVITY/ A bk
DEVELOPMCNT FINCTION TIME/OUTP 10314-103
PART NADMN MINIATURE LRI BN B I 1 T e 148, ity D OFHE TV R O& ALY A
PRECISION DETONATOR 4264
Te 8T SrAanrs TE 51 CLUARIPLF T A M, ll"\l"_ L] [N PR B Ty == R J¥ %0 ST Ry AT -
s /5724 | 5-28-74 7o °F S0 % 2
SPECT N EST —— EEST RESULTS
) CAP, TEST N'l":‘ DETONATOR ROOST
NO, |B/W cgﬁg&i CAP. | VOLT, Gan, o FUNC, |FUC. | DENT |pumc.
(oi1) | @FD)| ¢voLT) () |TvPE | THREE- Joves mopPhe) | ) | (yesino
393 4.24- £ 22 l40.0 O.loa Mg /e
3941 3.49 22. i4o0.06 0.100 Ao
13951304 £ 22 | 40.0 0.J00 Me
39¢1349 £ 122|400 0./00 YES | 1.5
27135041 F 122 [40.0 0./00 Yes | 1.5
39812.35| F | 22 |40.0 0./006 o
299|399 | £ 22 ({4e0.0 0.100 Yes | /.4
4oo|3.572]| £ | 2240.0 0: 100 Alo
40112.82] £ |22 | 4o 0./00 Yes | 1.4
02!13.89| F£ | 221 400 0,/0¢ Ao

NOTES:

(1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)

mo Ow
| [

e 7]
]

(Figure B-3)

83

"Steel Barrier' Test (Figure B-4)

Header Assembly ‘No-fire" Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)
Booster (Variable Closure) Initiation Test




TABLE C-3
TEST DATA RECORDS
Sheet 27

1y 8 RN LesT A TA Tl Ty, SENSITIVITY/ (R RN NITIABE K
DEVELOPMENT FINCTION TIMS/QUTP 10680

PART NAME MINIATURE HDR, cor Nno. fear e Foww PHROCLDURE NUMBER & PARA, O,

PRECISION DETONATOR ASSY, 4264

TEST START TEST COMPILETH AMB, TFAP, RUEL . rmumMIDITY TEST FQUIPMENT NUMBERS

SPECIEN TEST TEST RESULTS
W CAP BOOSTER | SPECIMEN
TES -

cAP. | voLt, ; L0 UL Func, |Func, | pent | OFEN

CONFIC.| yepy| (voLT) TP | THICK. | (ves/nop FidEey | (o) | (B0

] So Ao ==

NO, | B/W
(0HM)

282
415
3.93
4.04
4.24
2.67
4.21
4.0
4.34
4.3)
o2l
47
3.5¢
3.60
3.45

{ 5.0 Ae
S0 Ao

50 Ao

50 } No

Me
Ne
Ale
Mo
Ao

> B> P> P D P P

1

Mo
te
No
Ao
e

> > D PP PP

NOTES:

(1) Test Configurations --

A - Header Assambly Function Time Test (Figure B-1)
Header Assembly 'No-fire" Test (Figure 3-1)
Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)

- Booster (Variable Closure) Initiation Test
""Steel Barrier" Test (Figure B-4)

8l




TABLE C-

3

TEST DATA RECORDS

B -
G =
D -
E -

F

Sheet 28
DEVELORYENT ENCTION TREUTyT os01
FART ~amt MINIATURE WOR, [ vor var [ Far opr T FROLLDINE AT R B FARA T
O e e
| $-2-74 | 5-28-74 70°E 50 % .
SPECIMEN ; —= EST = TS = I;IEISI*'ENl{ESULTS'
No. |B/W ngg(fc' cap, | vor. GAP CLOSU:E Func, [Func. | peny | OFEN
(OHM) ‘| D) (voLT) vy |TYPE | THRCK. | (ves/no) FREcy | (v). | (ves o
4261 4.3 ] A | 1200 Ne | — Yes |
‘ 211254 |1 A ! 20.0 o 1 Yes |
| 280402 A |1 200 Mo | - | yes |
‘ 429139¢ | A |1 1200 Wo | - | yes
- 4301368 A || |20 No_ | = Yes
43) |43¢| A || |30.0 ves 0,7 Vi
1432 132.79] A L {300 Ne. — Yes |
433 1444 | A ! 30.0 Yg" 0.5 yes |
4341459] A | {300 Mo | — 1 Y&s |
4351330 A | | |300 ves |0.¢ ves
1 4361329 A L |30.0 Yes 0.7 Yes |
: 4371344 ] A || 300 Y&s 10,9 YES
4381358 A | | |300 Mo | — Yes
39 {362] A ] 30.0 Mo 5 YeS
'4A0(3.61 | A | | 3a0 Ao 1 YES
Notes: (1) Test Configurations --

Header Assembly Function Time Test (Figure B-1)
"No-fire'" Test (Figure B-1)

Header Assemb. -

Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)
Booster (Variable Closure) Initiation Test
(Figure B-3)
""Steel Barrier'" Test (Figure B-4)
85
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TABLE C-3
TEST DATA RECORDS
Sheet 29
TYPL Qb LesT FPARAME TE W SENSITIVITY/ Fat! L INHE R
PART NAML MINIATURE HDR,|[ + 01 ~o, I ERYH PHOCLDURE N\A\‘H!‘.R& PARA, U,
PRECISION DETONATOR ASSY, 4264 . e
el Lo 2f s - Sz TEST r;w ULTS
s o BOOSTER SPEC TMER
@ AR TEST | ¢10SURE OPEN
vo. |s/w | TEST lcap. |vour. CAP FuNC, |Fume. | pewt | D7E
(o) JSONFIC| (pepy| (voLT) (v | TYPE | THICK. | (ves/No) T&cy | (o) | (BF% 0
4411409 A [ 1300 Ne | — -_. yes
214.13 ] A {300 | yesjo.p | | Yes
4421374 | A [ | 300 Ves (0.7 . YES
4441344 | A [ 1300 i ves 0.6 VES
451432 | A | |30 Ne | ~ | _yes
44¢|3¢q] A | | 300 Mo | — : yes
44171333 A | | 300 "/f — VES
q4p i 3..81 A I 30.0 YEs |0, 71 et Yes |
449i4.19 | A | | 300 Mo | — Yes
40373 | A | | 30.0 ves 0.6 | Yes
4511 3.¢2] A 1 400 Yes 10,4 YES
452 1349¢ ]| A | |40.0 No - YES
46313¢3] A | {400 . Ne — YES
454 |13.40] A || 400 Yes 0.8 YES
45513151 A | 1400 | Yes 0.5 Yes

NOTES: (1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)
- Header Assembly 'No-fire' Test (Figure B-1)
- Detonator Dent Output Test (Figure B-2)
- Detonator Gap Test (Figure k-1
- Booster (Variable Closure) Init.ation Test
{Figure B-))
F - ""Steel Barrier" Test (Figure B-4)
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TABLE C-3

TEST DATA RECORDS
] Sheet 30
TYPE OF TEST HAHARME T R SENSITIVITY/ PAKRT e NMBER
DEVELOPMENT FUNCTION TIME/QUTP! 10597
PART NAME MINIATURE HDR, LOT NO, LOT w1t Joun PROCLOURE NUMBER & PARA, %0, ‘
PRECISION DETONATOR . ASSY, 4264 , o
5-3-74 | $-28-74 70°K o |
SPECIMEN TEST E TEST RESULTS
ey cap, | T | rCeted SPECTMEN —
vo. |s/w | .TEST | cap. |vorr, GAP FUNC, |FuNc. | DENT g/w
(o) |COFIC.) )| (voim) () {TYPE | THIEK- Jeves/mopfiEey | (v | (yrsmo
1 51405 A [ {40.0 Yes |05 VES
dcald.¢l A L1 |40 yes lo.¢ Yes
45814.88 | A | | 400 Yes |0.4 Yes
45614.64 1 A | _{40.0 ves 10,4 YES
de014.23] A | 1 | 400 : Yes lo. 4 Yes_ |
4611364 ] A 1 | 4o.0 _Yes 0.5 Ve o
1462/ 2671 A [ _{40.0 1 yes lo.4 Yes |
4063130t | A | _|4o.0 Mo | — &S
3 4¢4 1354 A | {40.0 yes |0.5 Yes
1 46171327 A | l40.0 yes lo.4 Y&s
" 46tlaast A | v |40.0 ves lo.4 )
4671433 A | ! |4o0 Yes lo.g YES
408 14341 A I 1400 YeS 0. S Yes
46913931 A ) |40.0 Yes o4 yes
41014721 A | . 140.0 yes 10§ Y&

NOTES: (1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)

B - Header Assembly "No-fire' Test (Figure B-1) ]
C - Detonator Dent Output Test (Figure B-2)
D - Detonator Gap Test (Figure B-3)
E - Booster (Variable Closure) Initiation Test

(Figure B-3) _
F - 'Steel Barrier'" Test (Figure B-4) t
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TABLE C-3
TEST DATA RECORDS

- Detonator Gap Test (Figure B-3)

- Booster (Variable Closure) Initiation Test
(Figure B-3) f

F - "Steel Barrier'" Test (Figure B-4) b

Sheet 31 }
TYPI OF T ST A AN Y ¢ SENSITIVITY/ VAL NIDVPARE R
DEVELOPMENT FINCTION TIME/QUTP 10507
1 PART nan) MINIATURE HDR, | + o1 o IR Y PREN NN PROUEDIRE NOMBER & PARA, 0O,
4 PRECISION DETONATOR ASSY, 4264 {8
i $-3.74- |5-28-74 | 70°F 50% ik 1]
SPEC DEN - LT YOOETER TESCTH%"ULTS i
) CAP, TEST EE
y N cgils?(fc i i Ut T Fuve, |Fuvc. | pewr | PR
(O1M) | (UFD)| (VOLT) (1N) | TYPE | TRECK. {(vES/NO) TE¥E~y | (18) | (¥Fe/un
4711403 ] A 147 5o Mo | — yEs
4721 388] A [47] S0 No | — ves |
1313981 A 47! So No | — ‘ YES
414|4as8| A |49] 50 Mo | — Yes b
47513921 A 147] 5o No | — Yes
47¢1 3¢5 A |41 lie.0 Mo | — ves |
4711297 A 411700 Vo - Y&s
4181 2.9< A 1411700 Ao - ﬁ!gg__w
4141 4.2/ A l41]/0.0 Ao = YES |
48013.38| A |41 |s0.0 Ao | = NESs
4811350 A 147 |20.0 Me | — ye&s |
49213381 A 1421200 Yes 0.8 Yes |
(48313331 A |411200 Mo | = Yes
4841213 |1 A 143 [200 Yes |09 YES
48513.22] A 1411200 ‘ o | = Yes
NOTES: (1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)
B - Header Assembly 'No-fire' Test (Figure B-1)
C - Detonator Dent Output Test (Figure B-2)
D
E
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TABLE C-3
TEST DATA RECORDS

Sheet 32
beveLomar FUCTIoN T l0sr Lo 5
7 O i
£ —— T Sa— TR
BOOSTER SPECIMEN
No. |B/W est) CAP, vgtg: gﬁgr LOSURE FUNC. |Func, | pEnr L
(o) |CONFIC. Grens| (voLt) aw | TYPE | THIEK. |oves/mo) IR | cam) | AL mo
id8¢1343] A (47 200 Mo - Yes |
48113716 | A 14171200 Yes | /.0 YES
g814.88] A 4.7 200 po = Y,
48914.89] A 4,7 200 Ap -~ _YES
401447| A 1417 200 ) = YES
4911448 A |47 ]300 Yes (0.5 v/ S
[492]454] A 147 200 No = Yes
4931444 | A 141300 No | = ves |
84 |4.34] A |47 300 Yes [0.¢ ves
| 49514811 A 141|300 Mo | — Yes
4% 2.3t ] A 147 ] 300 Yes 0.6 Ves
4971390 ] A 41| 300 Yes 10,5~ YEs
4981492 A 147 30.0 Ne | — YES
499{404) A 47 ] 300 Yes 0.7 Ye§
So01 3311 A 147300 Yes (0.5 YES
NOTES :

(1) Test Configurations --

A - Header Assambly Function Time Test (Figure B-1)
- Header Assembly 'No-fire" Test (Figure B-1)

- Detonator Dent Output Test (Figure B-2)

- Detonator Gap Test (Figure B-3)

- Booster (Variable Closure) Initiation Test

""Steel Barrier" Test (Figure B-4)

Mmoo Ow
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TABLE C-3
TEST DATA RECORDS S 56
DEVELORYENT e A Josor "
s [ e R s R TN
5374 AR o i L R jv
SPECTMEN TEST == SPE;‘}%&“&ULIS
NO. |B/W et CAP. vgig: giiT cLosUie FuNc. |Fure. | DENT gigw
: com) |CONFIC-} gepy| (vorT) (1y) | TYPE | THICK. feves/no) Fleficy | (aw) | (yrsyn
| sol4.04] A 147|300 ves |o.¢ v
sp212397]1 A 141 1200 Nes 0.7 Yes
oz|46St A 147 | 2.0 Y&s lo. ¢ Yes
| sea| 3561 A 147 ]300 _VY&s 10. ¢ Yey
1 Sos| 3681 A 1471|300 \es 0.5 YES
06372 | A 147 ]300 Yes 10.¢ YES
1 Soqlduz | A 147|300 No | — Ve
Sogld42¢| A 147 | 300 Ne | — Ye&s |
Soql478 | A |47 {300 Yeg 0.7 €S
S10]376:1 A 147 ] 300 Y&5 (0.5 YES
;‘ siy {4dse| A 141] 400 YES |0 s Ves
Si2 432 ] A& 47 | 4e.0 YES 0.5 YES
siz|3si | A (4] do.0 Nes 0.4 Yes. |
si14139) 1 A 47 | 40.0 No | — YES
Sic{3ee) A 147 ]400 Yes 10.5” Yes

Notes: (1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)

Header Assembly 'No-fire'' Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)
Booster (Variable Closure) Initiation Test

(Figure B-3)
"Steel Barrier" Test (Figure B-4)

mo G
]
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TABLE C-3
-5 TEST DATA RECORDS
. Sheet 34
DEELORENT prassi T N il S
gl I Wl W 7
(AR R B TSR
'_';':ﬂ:’j'n;fu &:ﬁ 74 S— — T SEEEE;W
wo. |sm | TESF | cap, |vour, gap. |80 R pve, |pwe. | oewt | Si0F
corpny |COFIC-| gorpy| (voLT) vy |Tvee | THEEK- | (ves/no) FfEey | (1) | (yrging
Gipl 38 A 147400 Yu_lw Yes
g7l 2gal A 147 400 s 0.6 Yar |
Siglage | A |47 (400 yes (0.8 Ves |
519 |2.90] A 141 [4e.0 yes 0.6 Yes |
s20|292| A 147|400 Yes [0.€ Yes
21 -l A 149 [4o0 Yes (0,6 Yes
s22l34r | A 1411400 Yes |0.8§ Yes |
5230351 | A 147400 Yes [O.b | yeg |
c24(332| A |47 |4doo Ng lo.e | . YES
3)3| A 149 )4oo e (0.5 Yes
520 A 147 | 400 Yes lo.5§ Yes |
5271422 A (4.7 |4e yes 10.§ Yes
c28l3.7] A 147 [4o.0 Vg |o.ss Y |
: 5291347 | A 147 {400 yes lo.c yes | <
k 3012901 A (47 14de0 Yey lo.4s Yes |

NOTES: (1) Test Configurations --

; A - Header Assembly Function Time Test (Figure B-1)
i - Header Assembly "No-fire'" Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)

- Detonator Gap Test (Figure B-3)

- Booster (Variable Closure) Initiation Test
(Figure B-3)

"Steel Barrier'" Test (Figure B-4)

91
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TABLE C-3
TEST DATA RECORDS

Sheet 35

ryrpe o TE&wT

DEVELOPMENT

A MARL L T 4y SENSITIVITY/
FINCTION TIMS/QUTP

AR NMHE R

10507

PART Nant MINIATURE
PRECISION DETONATOR

HDR,
ASSY,

le OITENF@ | 1 OT w101 RN

4264

PROLLDURE NUNMBIR & PARA . N,

TEST START

S-3-74

TEST COMPILETE

5-28-74

AMB, Tk nmp,

Z0°F

Re L, MuNIDITY

1;29‘%G

TEST EQUIPMENT NUMBE RS

SPECIMEN _

EST

TEST RESULTS.

NO, | B/W

(0HM)

Test)

CONFIG, SR

(FD)

CAP,
VOLT,
(VOLT)

BOOSTER
CLOSURE

SPECIMEN

OPEN |

Tvre [ YR

FUNC,
(YES/NO

FUiC,

) 3%

DENT
(IN)

B/W |
(YES/ND

3.64

22

5.

(o,

32.38

21

5.0

YES
Y€S

3.58

(X

5.0

2726

22

So

VET
YEX

2.09

22

.0

&S |

2.64

22

10.0

2.82

2 2\

Jo.0

_JES |

2.9/

22

10.0

HAA

22

/0.0

£.90

22

/6.0

4.49

22

| 304

20.0

22

306

p N

2.97

2

20.0

3.17

> > > Db b i> b f> > In b ‘}b » n

22

20.0

NOTES:

(1) Test Configurations --
A - Header Assembly Function Time Test

(Figure B-1)

Header Assembly '"No-fire' Test (Figure B-1)
- Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)

Booste. (Variable Closure) Initiation Test

(Figure B-3)

""Steel Barrier" Test (Figure B-4)
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TAbLE C-3

TEST DATA RECORDS

Sheet 36

DEVELOPENT " FNCTION U souToT osor
PART NAME MINIATURE HDR,| tor no Joor 00 Toons PEOCLDURE ~ \MABFR A DABA
PRECISION DETONATOR -”1"4‘5;‘3"{‘, e - .a?ﬁt.“ e p
| 5.2.74 l5-28u74 | 70k 0% X
SPECIMEN. ) . = TEST s TSETR S'I‘ggifbfé(b;iSULTS
No. |B/w cgfé(fc cap, | vort. CAP CLOSU’T{E Func. [Func. | pewr | OPEN

(O121) | rp)| (voLT) vy |TYPE | THEEK. feves /nop BhiEcy | camy | (BE9 .,
| 54¢l3.00] A | a2| 200 ANo | — VES
4112821 A 221 |20.0 Yes 10,7 Yes |
;A_ETZ.Q_Q A_|22 200 yes_lo.8 Yes
S44¢13./ 8| A 221|200 Yes | /.0 Yes
Y 322 A {22200 Yes |0.¢ V&S
51 127¢1 A 22| 0.0 YeS 0. 6 YES |
5521321} A [22 (300 ] Ao - Y&S
SS31301 | A 22 300 Yes 16,6 Yex
SS41347) A |22 300 Yes 0.6 Yes
ce5 ! 285 A 22| 2.0 Yes {0. 5 YES
5sel 370l A 122|300 ! yes |0,¢ Yes
Se713C1 | A |22]300 YES 0.5 yes
ssel4.21] A 22 | 30.0 o - Y&y
@89 | 3645| A [ 22]30.0 e =2 Y&S
Seol{2384] A |22]300 Yes 10.6 Yes |

NOTES: (1) Test Configurations --

A -
- Header Assembly

mo 0w

Header Assembly Function Time Test (Figure B-1)
"No-fire" Test (Figure B-1)

- Detonator Dent Output Test (Figure B-2)
- Detunator Gap Test (Figure B-3)
- Booster (Variabls Closure) Initiation Test
(Figure B-3)
"Steel Barrier" Test (Figure B-4)
93
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TABLE C-3
TEST DATA RECORDS

(1) Test Configurations --
- Header Assembly Function Tim: Test (Figure B-1)

—Hmo 0w

Header Assembiy ''No-fire" iest (Figure B-1)
Detonator Dent Outpi't Test (Figure B-2)
Detonator Gap Test (Figure B-3)

Booster (Variable Closure) Initiation Test
"Steel Barrier' Te.t (Figure B-4)

Sheet 37

DEVELOPENT McTi Tt | 10507
PART NAME MINIATURE HDR, | to1 no. Jrot aeoe [oms P ROCLOURE i MRER & BAWA. 17,
PRECISION DETONATOR ASSY o . “'14'2‘62”\ e e
s394 |c-2s.74 | 700k | s0%
SPECIMEN ) b= TEST ?EST TR : '%%SITME%ESULIS
S C:Emsri cap. | vour, GAP PCLOSU?; Fnc, |Fuuc, | pewr | PER

(oH) ‘| @FD)| (voLT) (my) | TYPE | TBRCK- Veves /o) FfRey | () | (Vs
561 14,031 A | 221300 Mo 4 = yex |
562473 A 1221200 Yes 10, 6 YES |
15631 4.6 A_|22 ]300 Ao | — Yes |
Setlaes | A [22 ]300 Mo L~ Ys&3
56513431 A |22]|30.0 Yes [0.& 1 Y&y

2.85| A 221 3.0 Yes [0. ¢ YES
se7t272/ | A 122 ) 360 Yex (0.5 YEs |
c¢2 1371 | A j22]30.0 Yes l0.¢ Yes
ﬂ_g__a_AL_A_[:.L 30.0 yes 0.7 Y&y |

g0l3.09) A 122 ] 300 ves lo.¢ N&s
$7t1324] A | 22] 400 Yes o g YES
s72.l295] A 22| 40.0 Yes 10,4 YES
$7313.2¢(| A (22| 400 ves [0 € Yes
s‘q@z 3.29] A 22| 40.0 Yex 10-§ Yeas
§JEI 2921 A |22]40.0 Yes 10.S Yes
NOTES:



TABLE C-3
TEST DATA RECORDS

Sheet 38

95

TYPt OF TEST Ir’AkAMI T o SENSITIVITY/ FTART SN HE R
DEVELOPMENT | FINCTION TIME/QUTP] 10507 : :
PART NAMmL MINIATURE H‘DR. LOT NOD, FOT St RN PROCLDURE NOMBER 8 PARA, YO,
PRECISION DETONATOR ASSY, 4264
TESY START TEST CO™MPL U TH ANER TE PP, o HAMIDLT Y Eh st gl et 0T NUMBE RS
S§-3-74 5-28-T4 70 9~ 5¢%
SPEC IMEN TEST TLST R
) CAP TEST BOOSTER SPECIMEN
TESG} . CLOSURE OPEN
NOo, |B/W CAP, | voLT, GAP =] FUNC. |FunC. | DENT BN
(o) |SOFIC| wrp)| (voLT) (i TYPE | THREK- leves/mop Fificy | () | 8o
57¢| 2481 A |22 |40.0 Yex 0.4 Yex
15771 3271 A 122 |4o0 Yes 0. ex
781 284 A |22 |400 ves lo.é VEY
579 laer | A 122 |4oo Y&s lo & Yev - |
680/2932] A 122 40,0 vYes 0.4 Yes
s#1l2.c1| A 12 |4o.0 Vv&s (057 Yes
27%1 A 122 [40.0 Yex 0.4 Yet |
5831 277] A (22 |40.0 ves (0.4 yes
sgalasa] A |22 1420 yeg 0.5 Ves |
e85 127l A |22 400 yes (0.8 Yes
cpel286] A 23 [4oo Yes |06 Yes
SAT|2.S2] A 122|400 Yes 0.3 V&S
881251 A lur2 idop Yer 104- Y&S
S®912.72| A [22]40.0 ves |64 Ve
\
£90l2.671 A 1221400 Ves 04 /€3
NOTES :
{1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)
B - Header Assembly "No-fire" Test (Figure B-1)
C - Detonator Dent Output Test (Figure B-2)
D - Detonator Gap Test (Figure B-3)
E - Booster (Variable Closure) Initiation Test
F - "Steel Barrier" Test (Figure B-4)
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TABLE C-3
TEST DATA RECORDS
Sheet 239
ERIE s L e e e
Favr i MIRIATURE R, 1t e Tar e o T e
PRECISION DETONATOR [—S.S\'f‘. e - ..4261{ - o ol
374 | S-28-74 | yoor | So% Bhios s ian
SPECL{EN TEST - TEST RESULLS
No. |B/W ngi&i: CAP. vgiﬁj ggiz ziiT closuns Puxcinviiiég pent | O%N
(o) | quFDy| (voLt) | (amp) | (1ny | TYPE | THIGK. (v /noh Fhoy | (v | (Bhe vn
S¢11.32¢)1 A | 221400 Ve 10.5 YES
921351 A l22]40.0 YES 0.4 YES .
93/ 3.52| A 222|400 Ves lo.4 Vey
5941340 | A |22 ]400 Yes (0.4 | Yes_|
ses|288l 4 | »z|400 Yeg lo.5 Yex
59412930 A 22 400 Yes 0.8 Yes
59713041 A 22| 4o0 yes 104 Yes @
598|320 A4 |22 400 Yes 10.4 Vet
594(293] A4 221400 Y 0.5 Yes
koo 229] A |/47]|30.0 yer a4 Yes
bol! |27¢) 4 147]30.0 Yes 0.8 Yes
bor|dsz| A 147130.0 Mo | — Yes
o3 [3oy | A |/471v00 Yes_10.¢ YES
hod 1 4.42| 4 1| 30.0 Yes |0.§ Ve
koS |2.82| A /421200 &S |04 Yes

NOTES: (1) Test Configucations -- :

- Header Assembly Function Time Test (Figure B-1)

Header Assembly '"No-fire'" Test (Figure B-1)

Detonator Dent Output Test (Figure B-2)

Detonator Gap Test (Figure B-3)

Booster (Variable Closure) Initiation Test
(Figure B-3)

"Steel Barrier' Test (Figure B-4)

Mmoo O w >
1 1

s}
]

96




TABLE C-3
TEST DATA RECORDS

Sheet 40

TYFPY OF T ST

DEVELOPMENT

A RAME T SENSITIVITY/
FUNCTION TIME/QUIP

LAt Lo MHAE R

10507

FART NAME MINIATUKE
PRECISION DETONATOR

HDR,
ASSY

L1 N0,

LadT o~

[ L]

4264

PHROCLDURE NUAMABI R & PARA

e,

Tt &T START

U () SRt AN« o GOl ARG ()

AMIEE L

Forae ey

§-28-74

Jo°F

| S-3.24
SP

L8 RS Y T SN

So© Ys

ThE S ¢ QUIPME NT NN BT G~

LEN

TEST

o |
IESTARE SIS

NO,

B/W
(OHM)

Tas)
CONFIG,

TAP,
(UFD)

CAP,

‘BOOSTER
CLOSURE

S

PECIMEN

VOLT,
(VOLT)

vre [ THRGE

FC,
(YES/NO

FUNC,

TH¥Ec)

DENT
(IN)

OPEN

B/W
(YFS /NN

(7-X4

2.872

A

141

30.0

Yes

Q.4

YES

]

L0l ) 2.7¢

147

30.0

Yes

Q.4

Yes

2.79

147

30.0

YES

0.4

Ye&S

609

2.98

147

30.0

Yex

0.3

Y&S

2- 9/

147

30.0

Yes

0.5

3.24

147

20.0

Vet

0.5

2.87

49

36.0

Yes

QIS‘

_314-L

147

30.0

Yes

04

2.8

147

30.0

Yex

0.4

J.01

22

40.0

S

0.4

2.60

22

40.0

Y&ES

0.4

2:95

22

4o.0}

Yes

0.5

.77

p A

40.0

Yes

0.5

3.47

202

40.0

Yes

0.4

(2. 74

A
A
A
A
A
A
A
4
A
A
A
A
o
L A

22

Ao.o

NYiets

0.4

YES

NOTES:

(1)

Test Configurations --

A - Header Assembly Function Time Test (Figure B-1)
- Header Assembly '"No-fire" Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)
Detonator Gap Test (Figure B-3)
Booster (Variable Closure) Initiation Test
(Figure B-3)
"Steel Barrier" Test (Figure B-4)
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TABLE C-3

TEST DATA RECORDS
Sheet 41

TrYyPE OF TLSHT HAHAME T e SENSITIV[TY/ FPART N OMHBE R
PART NAML MINIATURE HDR, LOT NO, LOY sk Je RN PROCLODURE NUMBER & PARA, N0,

PRECISION DETONATOR//  ASSY. 4264

TEST START TESY COMPLFTE AMB, Ti NP LA AL TR LS I o B TE STy IR VENT Mg N g v
S-3-74 5-28-74 loss S0 % -
SPECIMEN TEST Te3T RESULTS

BOOSTER SPECTIMEN
TES‘ll) CAlls

OPEN |
No. |B/w cap, | voLT, CLOVUAE Func. |Fuve. | DENT i

(orn) |SOFIC grep)) (voLT) Tyee | THICE oves/noh BREG | amy | (BEE g

I A 22 (46,0 Yes 10,4 v&s

2901 A |22 |40.0 Nes 0.5 Y&s |

NOTES: (1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)
- Header Assembly 'No-fire'" Test (Figure B-1)
- Detonator Dent Output Test (Figure B-2)
- Detonator Gap Test (Figure B-3)
: - Booster (Variable Closure) Initiation Test
(Figure B-3)
""Steel Barrier'" Test (Figure B-4)
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TABLE C-3

TEST DATA RECORDS
Sheet 42

Ty A 1+ 1 R HA WA E T e SE:‘SITIVITY/ PART N N E R

DEVELOPMENT FUNCTION TIMZ/QUTP! 10507

‘PART NAM: MINIATURE HDR,} ¢ o1 ~nov T s {onw PROCEDURE NUMBER & PANA, ~ 0,
PRECISION DETONATOR ASSY, 4264

TeST START TESYT COMPLEFTE AMIZ, TE P Rt L, HuNMIDIT> FresSt EQUIPMENT NUMETL HS

5-13-74 | §-28-74 | 9/0F 50 % 1y
SPECIMEN TEST TEST RESULTS

. 0
rest CAP. | VOLT.| FIRE CLOSURE Func. |ruve, | pent | OPEN

@FD)| (voLT) (anp) TYPE | THICK. | ves/no) [y | (i | B/

No, |B/W
(o)

4.28
3,34
4.12

CGHr'IG,

0./8o YES YES

0./45 YES Yes |
0.140 Ao

0.148%

4.2

3.02

0.140 No

2.2%
2.97
012.89

3.33

014§
0_.140

6J4;'
C.150

0. 145
oo |
0./45
7 0.;40”
0138
louze

300
3.44
pSagnSE

3.13
3.20

3.54

N (o [N o i o ot fd R R [ [

NOTES:

(1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)

- Header Assembly '"No-fire" Test (Figure B-1)

- Detonator Dent Output Test (Figure B-2)

- Detonator Gap Test (Figure B-3)

- Booster (Variable Closure) Initiation Test

(Figure B-3)
"Steel Barrier" Test (Figure B-4)
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TABLE C-3
TEST DATA RECORDS

Sheet 43

WS (320 ) (o 1] (ol

DEVELOPMENT

PAsATE D W GENSTTIVITY/
FINCTION TIME/QUTP!

[P igll B

10507

MBS 1

PART nAmME MINTATURE
PRECISION DETONATOR

HDR,
ASSY.

EOT NGO,

LOT S0t

~HN

4264

PROCEDURE ~NUuMAER & PARA . O,

TrST S5TART

| $-13-74

TEST COMPULETE

§-28-74

AMA,

W

TP,

Rt L,

o %

Hu " 1011y

PPl FQUIPMENT NUMBE RS

SPECIMEN

IEST

1UST RESULTS

NO, | B/W

(o)

CAP,
VOLT,
(VoLT)

NO-
FIRE
(AMP)

Test)

CONFIC, Cak.

@rD)

BOGSTER
CLOSURE

SPECIMEN

TYPE

RN

FUNC,
(YES/NO

EMEH DENT

e | av

2.98

o

0.2

Ao

293

o.L?o:

YES

4.24

oz

Y&

3.5¢

G, /120

.19

NI

3.20

0y/20

3459

0.725

A2

0./20

3.2

0025

3.33

0.1306

3.24

0.12%

4.30

0.120

2.73

EPET

4.10

0,120

4.31

QS SRR R R

Y

NOTES :

(1) Test Configurations --

- Header Assembly Function Time Test (Figure B-1)

(Figure B-3)

Header Assembly "No-fire" Test (Figure B-1)
Detonator Dent Output Test (Figure B-2)

Detonator Gap Test (Figure B-3)
Booster (Variable Closure) Initiation Test

"Steel Barrier" Test (Figure B-4)

100




TABLE C-3

TEST DATA RECORDS
Sheet Ul

Yy e -y —

1 . A A b by SENSITIVITY/ HEA 1B S ke
DEVELOMEINT FALGTION TIM:/QUTP
PART NAMLE MINIATURE Y NO Wy St BT PROCEDUGRE N~ %~ HE R & FAKA ),

PRECISION DET!STOR 4264

T 5T TAKRT TEST COMPLE TE ANE TN Rt 1, o A0y LR i (3 L i
b-12-74 | (-12-74- 72/ °F SH %
SDECTMEN TEST _ AR

Mo, fB/w | o |cap, |voLr, ; rond? sune. | pent
o) |2 giepy| (voLT) TYPE | THIEK. L ves o) FRny | (o

Nod' & 0.020

213 YES O.OZQJ
0.0:3
A 0.0ib

N

~ ity jaa

0.040
0.030

AL

AL

AL

AL
AL
7L

gl Bk M YN vIivIY

J

NOTES: (1) Test Configurations --
A - Header Assembly Function Time Test (Figure B-1)
B - Header Assembly "No-fire' Test (Figure B-1)
C - Detonator Dent Output Test (Figure B-2)
D - Detonator Gap Test (Figure B-3)
E - Booster (Variable Closure) Initiation Test
(Figure B-3)

F - 'Ste lijBaeiel Lilie st MiBilglive #b=4

(2) Det functioned with M100 match (no header)

(3) Can Base was flat
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TABLE C-3
DATA RECORDS

Sheet M5

Ty b ok ""1 PA LAY Y SENSITIVITY/
DEVELOPMENT FUNCTION TIMZ/QUTPYT

panr oant MINTATURE DR v §b
PRECISION DETONATOR

1

4264

A

toe i E PG bl 1y Ao ¢ e, v .
b= 1/-7% G-12-74 T2 °F s2 %
SPLCIMEN ) ' TEST el TERT BT .
> AON5TAR DETOVATOL I
TES(I‘I) CAP, S CLORURE ) —— 1057
covrrc | GAF- {VOLT. i FipIC EUe, 2
| gropy| (voLT) TveE | TYIEK. Jveis o) Pty

]

NO, | B/W
(01D

AMore
2,3 0 Al | .p05" | YEs

| D At | . oos | YES

%

W VI W R S T I A A o

e L

NOTES: (1) Test Configurations --
A - Heuder Assembly Function Time Test (Figure B-1)
- Header Assembly 'No-fire' Test (Figure B-1)
- Dztonator Dent Output Test (Figure B-2)
- Detonator Gap Test (Figure B-3)
- Booster {(Variable Closure) Initiation Test
(Figure B-3)
F - '"Steel Barrier' Test (Figure B-4)
(2) Det functioned with M100 match (no header)
(3) Can base was flat

B
C
D
B
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APPENDIX D

RADC RELIABILITY EVALUAT1ON OF MUNITION DEPOSITED
FUZE HEADER SAMPLES (P/N 08892)

Headquarters Armament Development and Test Center (AFSC), Eglin AFB,
Florida, requested RADC reliability support involving evaluation of
munition fuze headers on 27 February 1974. Attachment #1 is the formal
correspondence from Headquarters ADTC/SDH requesting RADC support
and containing device performance requirements, reliability problens
of immediate concern and a tentative analysis plan. The analysis
plan defined two categories, namely header material analysis and reliabil-
ity stress tests. RADC/RBRP received nine (9) munition fuze headers for
reliability assessment. RADC's evaluation of header materials and manu-
facturing processes indicated an inferior product from the reliability
standpoint, thus the test program suggested was considered not warranted
at this time. RADC analysis results documented herein respond to items 3b,
c, d and e of referenced attachment #1. Mr. Origer ADTC/SDHZ stated by
telecon on 14 March 74 that subject fuze headers were prototype samples
for evaluation rather than actual devices currently incorporated in muni-
tion fuze designs. This report documents the fuze header analysis findings
as conducted by the RADC QR Failure Analysis Activity. RADC/RBRP person-
nel assigned to this project were Messrs. J. J. Bart, C. J. Salvo and G. G.
Sweet. RADC/RBRM personnel were Messrs. C. Lane and B. Moore.

Fuze Header Reliability Analysis Results:

Figures 1A and Lb show the fuze headers overall construction and
photo of the header surface with deposited film geometry highlighted.
Figure 1C SEM photos verify that the deposited two layer thin film was
evaporated over the center conductor material. From this we also conclude
that the film is smooth when compared with the plating on the inner and
outer conductors. The film itself if designed as a fuzable link between
two terminal conductors which is blown by energy from a capacitor discharge
circuit. Lead Azide, Pb(N,).,, material is positioned over the fuze link
and explodes when the film™ temperature reaches 350°C. Since lead azide
is a needle-like crystal, it is assumed that these crystals are held in
place with a binder (possibly dextrin-adhesive substance) when positioned
over the film fuze link. The results of Electron Beam Microprobe X-Ray
analysis identified the header materials and are listed below:

Thin film fuze material - vapor deposited two layer film of palladium
(Pd) and silver (Ag). Optical and SEM analysis indicates that the Pd
is deposited on the glass and conductor surfaces first followed by
deposition of Ag.

Conductor materials - Both the center and outer rim portion of the
header conductors are an iron-nickel-cobalt (Fe, Ni, Co) Kovar
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material which has been plated with a gold (Au)-Tantalum (Ta)
material..  Fhe color of this plating (silver-gray) indicates the
simultaneous plating of both materials. The Au and Ta volume per-
centages were not determined.

Glass dielectric material - This insulator dppears to be a low
melting point glass containing: So-ium (Na), Potassium (K), Alu-
minum (A1), Silicon (Si) and Oxygen (0). Thus, the header con-
struction implies a Kovar to glass seal, an established, reliable
technology used throughout the microelectronics industry for pack-
age fabrication, however, the glass is not high purity.

The X-Ray spectral readouts for the above designated materials are
shown in Figure 1D. Figure 2 shows the fuze 1link neckdown region and
associated film profilometer trace where the measured total thickness
was 6000 A°. The nominal resistance of the film as measured on all
samples was 304 ohms. Figures 3 and 4 show two typical fuze headers with
corresponding profilometer traces of the surface structure revealing step
heights, general surface planarity variations and relative roughness of
the materials. Figure 4B shows a SEM photomicrograph of an edge of the
thin film fuze link pattern delineating the two layer deposition of Pd
and Ag. Pd is deposited on the glass first because of its adherence
properties, followed by Ag deposition. The Pd and Ag thicknesses could
not be measured due to the geometrical properties of the profilometer
stylus. It appears that two successive depositions, Pd then Ag, were
made followed by film definition using photomasks and selective chemical
etch of metals simultaneously. The exposed narrcw width of Pd observed
could be the result of inadequate etching time. Only one (1) of the nine
(9) units exhibited this characteristic.

General Conclusions and Related Discussion:

(a) Materials Compatibility:

Tt appears that the selection of Ta-Au and Pd-Ag for
conductor plating and fuze link respectively was based on the
fact that these metals do not react with Pb(N,),, lead azide,
and as such represent a chemically inert matetrial system.
Although lead azide is not hygroscopic, it will react with water
forming a compound (weak acid) which is also chemically inert
with the fuze materials. Lead azide requires special handling
for shipping and storage in that water submersion is necessary
to reduce sensitivity. The use of the noble metals Au and Ag
results in the absence of corrosion or oxidation problems. One
potential reliability problem with the plating is porosity of
the Ta-Au plate over Kovar. Kovar (Fe-Ni-Co) will rust in the
presence of moisture and thus the porosity of the plating is
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(b)

critical. Inspection of the fuze header plating indicates a
poor nuality plate with large pits and general surface roughness.
If one also considers the intermetallics formed by the Ta-Au
plate with the Pd-Ag film during deposition, it is a possibility
that somc degree of Kirkendall voiding will occur. The xirken-
dall effect occurs in diffusion couples and involves mass trans-
fer of one constituent due to a more rapid diffusion rate with
resultant void formation on the side of the couple containing

the faster-diffusing constituent. The severity of this voiding
depends on temperature and time during deposition and the degree
of voiding necessary to create a reliability problem (metal opens)
depends on the film thickness and contact area and/or periphery.
A more obvious condition which exists in these devices in the
non-planarity of the glass between the center and outer cylin-
drical conductors. If a valley, due to glass dewetting, exists
at the glass-center conductor interface, inadequate rilm cover-
age may occur during deposition leading to an open. In addition,
the measured plating thickness to film thickness ratio (~6:1)

is excessive again resulting in reduced coverage at thec step and
notential film opens.

Manufacturing Process Fvaluation:

Several characteristics of the fuze header structure are con-
sidered poor design from the reliability standpoint. The porosity
of the Ta-Au plate can lead to rust in the presence of moisture.

The excess step (~3.60u) over which the ~0.60 ¥ Pd-Ag film is
deposited could result in metal opens. The glass non-planarity
may result in poor deposition and varying film thickness, espec-
ially at the narrow fuze link region, depending on the evapo-
ration source configuration. It seems like polishing the glass
to reasonable planarity prior to plating and thin film deposition
would result in a more reliable product. Reducing the plate
thickness and porosity would result in better step coverage of
the thin film Pd-Ag over the plated conductors. The use of a
high purity glass is commensurate with the 20 year storage
requirement, yet a glass containing relatively high percentages
of contaminants was used which exhibited voids (gas pockets) and
general surface roughness. The thin film metal pattern position-
ing (centering) indicates a lack of process control in metal
definition. Since maximum contact periphery minimizes the pro-
bability of metal film opens (thinning at steps), a critical
requirement when coverage over large steps is involved as is the
case here, a more reliable thin film design geometry would con-
sist of complete overlap of the plated center conductor. This
would result in maximum contact area and periphery at the center
conductor to glass step. The manufacturers' current design ob-
viously is not designed for contact reliability and improper
film centering significantly reduces contact periphery.
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(¢) Environmental Screen Tests:

Based on the excessive center conductor step height to film
thickness ratio (-~ 6:1) we conclude that the most applicable
environmental screen test to effectively remove potential fuze
header metal open failures is thermal shock and/or temperature
cvcling with post electrical continuity tests.

RADC Recommended Fuze Header Disposition:

Based on the analysis findings, RADC considers these fuze headers
not suitable for high-reliability applications. It was therefore decided
that extensive environmental and thermal stress testing was not warranted
at this time.

¢
Edoaw 90?@9@
EDG A. DOYLE, JKR. -

Reliability Physics Section
Reliability Branch RADC
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MUNITION FUZE HEADERS ~7X SEM PHOTO OF FUZE HEADER STRUCTURE 65°, 34X
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20KV, 50°, 520X ¢ 20KV, 50°, 1700X

SEM Pnotos Verifying Pd, Ag Double Layer Thin Film
Deposited Over Ta-Au Plated Kovar

e Pd,A \ A
Na'pj s & I'a,Au Fe,Ni.Co \pd . Ag

Electron Beam Microprobe Readouts (X-Ray Spectrum) of (1) Glass Composition,
(2) Center Conductor Plate and Base Material and (3) Thin Film Composition
Figure 1.
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200X Scale = 6.25 um/Div
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Figure 2. Photomicrograph and Profilometer Trace Showing
Film Thickness of Fuze Link
Profilometer - 1000X Horizontal, 10K Angstroms Full Scale Vertical. Fuze #1
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Figure 3. Photomicrograph and Profilometer Trace of Fuze Header
profilometer - 100X Horizontal, 500K Angstroms Full Scale Vertical. Fuze #2
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SEM Photo of Fuze Region
(Circled) Showing Double
Layer Metal Structure
1200%.5 KV 80
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Figure 4. Photomicrograph and Profilometer Trace of Fuze Header
Profilometer - 100X Horizontal, 100K Angstroms Full Scale Vertical. Fuze #4
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APPENDIX E
RADC RELIABILITY EVALUATION OF DEPOSITED BRIDGE
MUNITION FUZE HEADER (P/N 10506)

Headquarters Armament Development and Test Center (AFSC), Eglin AFB
Florida, requested RADC reliability support involving evaluation of muni-
tion fuze headers on 6 June 1974, Attachment 1 is the formal correspon-
dence from Headquarters ADTC/SDY requesting RADC support. RADC/RBRP
received thirty (30) PN 10506 munition fuze headers for reliability assess-
ment. RADC's evaluation of header materials and processes indicate an
inferior product from a reliability standpoint. Subject fuze headers are

prototype samples for evaluation, rather thau actual devices incorporated
into current munition fuze designs.

This report documents the fuze header analysis findings as conducted
by the RADC QR Failure Analysis Activity. RADC/RBRP personnel contri-
buting to this project were Messrs. JJ. Bart, E.A. Doyle and D.J. Salvo.

Fuze Header Reliability Analysis Results:

The overall fuze header construction is shown in Figure 1. The thin
film conductor between the two terminal posts forms a hot bridge, which
is heated by a capacitive discharge from a 22 microfarad capacitor charged
to 40 volts. The heat ignites a lead azide material which explodes at a
temperature of 350°C. The results of electron beam microprobe (EBM) x-ray
analysis identified the header materials and are listed below: *

Thin form fuze material - Vapor deposited two layer film of palladium
(Pd) and silver (Ag).

Conductor materials - The terminal posts are Kovar post-plated with
gold (Au) over a chromium (Cr) adhesion-barrier layer. The gold contains
a large amount of copper (Cu) contaminant. This is a common gold plating
bath contaminant and may explain why the gold film is porous. Exposed
Kovar exhibited rust corrosior on some fuzes and is completely exposed in
spots on other fuzes due to the gold plating flaking off. Glass residue
was also found on the top surface of the terminal posts.

Glass dielectric material - The insulator appears to be a low melting
point glass containing: silicon (Si), oxygen (0), aluminum (Al), titanium
(Ti), iron (Fe), potassium (K), and sodium (Na).

Electrical resistance measured 4.09 ohms average on 17 samples tested
and varied from a minimum of 3.50 ohms to a maximum of 5.25 ohms. Profil-
ometer trace normal to the neckdown region of the thin film measured a
nominal film thickness of approximately 4,000 Angstroms. Profilometer
traces from terminal post to terminal post indicate step heights, relative
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roughness of materials, and gencral surface planarity variations. Step
heights at the posts were as large as 70,000 Angstroms. Examples of
typical profilometer traces are given in Figures 2 and 3. Optical and
scanning electron beam microscope (SEM) photomicrographs show a variety
of features found in several devices. Included are examples of thin film
misalignment, gold flaking, rusting, bubbles in the glass, surface tes-
ture of plating on terminal posts, plating pop-outs, and glass defects in
thel thiln Fillm. fuze) region.

General Conclusions and Related Discussion:

a. Material Compatibility

Reference is made to RADC's report on fuze headers P/N 08892
dated April 74, for detailed discussion of materials compatibility. The
comments apply in general, although the plating of the terminal posts and
outside cylinder are Au-Cr, rather than Au-Ta used in P/N 08892.

b. Manufacturing Process Evaluation

In summary, the following process deficiences are noted in the
subject (P/N 10506) fuze headers: (1) Poor plating over Kovar:
a) Corrosion (rust) is evident on several samples indicating porosity in-
compatible with long term reliability; b) Flaking off of plating materials
indicating poor adherence possibly caused by improper Kovar surface pre-
paration Present Au post-plating minimum thickness spec for microcircuit
packages (Kovar leads) is 50u-in (1.25u). Tests have shown that a contin-
uous Au plate requires a minimum thickness of 25 - 35u-in. Thus, a 50u-in
Au plating thickness is adequate provided the complete removal of the metal
oxide, which is grown to facilitate glass to metal hermetic seals, dues
not roughen the surface of Kovar itself and plating is initiated immediate-
ly after oxide removal, that is, before the formation of native oxide from
atmospheric exposure. This assures a relatively smooth metal plate with
fair adherence properties. A thin Cr or Ti layer may be used prior to Au
plating for better adherence observing the same precautions. Assuming a
nominal 50008 (0.5u) total film thickness, the step height maximum ratio
of 2:1 (12,500R:5,000R) is nearly achieved reducing the risk of opens at
the post step. (2) Lack of glass insulator planarity leading to possible
thin regions in the vapor deposited thin films during the deposition pro-
cess. (3) Possibility of open circuit or premature burnout at lower than
350°C due to a) excessive step height to £ilm thickness ratio, (terminal
post to thin film fuze link); (ratio should not exceed 2:1); b) bubbles in
the glass in the fuze region; c) small contact periphery afforded by the
two terminal post electrode geometry; d) glass contamination on the posts.
(4) Process control problem indicated by off centered thin film deposition
and by fuze bottom thin film (Pd) deposition extending beyond top thin
film (Ag) deposition on several devices. (5) Glass insulator containing
many impurities which are possible long term sources of corrosion and/or

113



thin film contamination. Reference report on fuze P/N 08892 for further
discussion of similar deficiences noted on that part.

c. Recommendations

RADC recommends that these headers not be considered for high
reliability (20 year storage) applications. The problems noted on this
part are more severe from a design and process standpoint than those noted
in the RADC report on P/N 08892 fuze headers.

The basic concept of using a plated fuze link seems to have some
merit. After giving careful consideration to the fuze header designs svb-
mitted for evaluation, the following design and process changes are
suggested to possibly enhance reliability, refer to Figure 9a. The top
view shows a split cylinder arrangement which allows the thin film fuze
link to have maximum contact periphery over the glass to metal step.
Alignment of the thin film is also less critical since the electrode con-
tact is the entire half cylinder rather than a small post. A possible
process sequence would be to start with a metal cylinder having a bottom
but no top. Fill the interior of the cylinder with a high purity bubble
free glass. Mechanically polish the top surface to achieve a smooth,
planar surface with no step at the glass to metal interface. Use a laser,
diamond blade, or air-abrasive to cut the metal cylinder in two. Cut down
one side, across the bottom between the pins, and up the other side.
(Alternately, one could start with two half cylinders and devise fixturing
to keep the glass in place while it is molten). Apply a protective plating
on the cylinder and pins assuring that the plating is fine grained having
low porosity yet minimum thickness to assure that the step height from
metal to glass does not exceed two (2) times the thickness of the thin
film plating. Deposit the thin film fuze link by vapor deposition method
and delineate by etching or masking during the plating process. Appro-
priate cleaning and surface preparation steps are assumed. Since the
glass to metal seal does not have to hold a vacuum, it may be possible to
use some other metal-insulator system in place of Kovar. This might per-
mit dispensing with the plating operation required with the Kovar. Attach-
ment 2 is extracted from '"Handbook of Materials and Techniques for Vacuum
Devices", Walter H. Kohl, Reinhold Publishing Corp., N.Y., 1967 and con-
tains data on various glass-metal sealing systems.

Consideration should also be given to a system using a ceramic
insulator in place of the glass, although no data on ceramic-metal seals
is available at RBRP to determine compatibility.

One such configuration, similar to the P/N 10506 design, in-
volves a ceramic (Al1,0,) disc with swaged Au alloy terminals and thick
film Au or Au alloy as”the fuze link. The terminal lead cross-section
can be any geometry other than circular to avoid lead rotation (See
Figure 9b).




Another possible alternative is to adapt commercially available
hybrid resistor chips to the fuze application. This would entail attach-
ment of contact pins to the resistors, special trimming of the resistor
element to insure a hot spot (normally designed out in normal resistor
applications), and a determination of compatibility of the resistor mat-
erials with the lead azide environment and 350°C hot bridge temperature.
This technology is very mature and a wide variety of substrates, contact
pad materials, and resistive materials are available. Trimming to very
precise values of resistance is achieved by a wide variety of methods and
a consistent product is readily obtainable. Attached is descriptive lit-
erature of one manufacturer’s thick film hybrid resistors (Attachment 3).
Thin film resistors are also available in similar configuration. Lead
attachment (contact pins) would appear to be the most difficult problem to

be solved. Conventional flywire or reflow solder attachment do not appear
compatible with this fuze application.
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Figure 1. Fuze Overall Construction (Approx 13X)
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Figure 2.5 Brof lefieter Trace
Normal to Neckdown Region of
Fuze Thin Film. 1,000X Horiz.

Figure 3. Profilometer Trace From Post to
Post Showing Post Roughness, Metal-Glass
Step, and Lack of Planarity of Glass in
Fuze Link Region. 100,000 Angstroms

Full Scale, 100X Horiz.
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FLAK ING

a) Dark Field 39X

b} Bright Field 90X

“

c) SEM 10kv 10° Tilt 80X d) SEM 10kv 10° Tilt 400X

Figure 4. Fuze #1 a) Bubbles in glass; gold flaking; rusting; off centered
thin film; b) Bottom layer of thin fi'm extending beyond top layer; c) Holes
in thin film and bottom layer extension; d) Bottom layer extending beyond top.
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Figure 5. SEM Photographs Indicating Surface at Terminal Posts of Two
Typcial Fuzes (Both Photographs Taken at 10kv, 10 Degree Tilt)
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b) Bright Field
a) Dark Field 39X

¢) Bright Field

Figure 6. Fuze #7 a) Bubbles in Glass; gold flaking; rusting;
b) Flaked Region of Outside Cylinder; c) Glass Defects in Fuze Thin
Film Region
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Dark Field

€ .Y

c) SEM 800X
b) SEM 80X

Figure 7. Fuze #8 a) Bubbles in glass; rusting; b)&c) SEM showing plating
popouts of the thin film around the posts apparently due to bubbles in
glass. Note also the texture of post surface in c¢). SEM taken at 20kv

and 10° tilt angle.




a) Dark Field

b) Bright Field

Figure 8. Fuze #9 a) Bubbles in Glass; Rusting; b) Underplating
Extending Beyond Overplating; Apparent Thinning of Top Plating in
Neck-Down Region; it is possible that the narrowing seen in the
top plating is due to etching of the thin film top layer such that
the cross-section is triangular.
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Film Fuze
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Conductors

Au or Au Alloy
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Figure 9. a) Split cylinder fuze header; b) Metal-ceramic disc

alternate design
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